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This manual, like ita preceding edition, 
has been prepared to assist those who work 
or experiment with semiconductor devices 
and circuits. It will be useful to engineers, 
educators, students, radio amateurs, hobby- 
ists, and others technically interested in tran- 
sistors, Silicon rectifiers, Silicon controlled 
rectifiers, varactor diodes, and tunnel diodes. 


This edition has been thoroughly re- 
vised to cover thè latest changes in semi- 
conductor-device technology and applications. 
The TECHNICAL DATA Section, as well as 
thè text material, has been greatly expanded 
and brought up to date. Of particular interest 
to thè hobbyist and experimenter are thè 
many practical and timely additions to thè 
CIRCUITS Section. 
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QEMICONDUCTOR devices are 
O small but versatile units that can 
perform an amazing variety of con¬ 
trol functions in electronic equipment. 
Like other electron devices, they have 
thè ability to control almost instantly 
thè movement of charges of elec^ 
tricity. They afe used as réctifìers, 
detectors, amplifiers, oscillators, 
electronic switehes, mixers, and 
modulators. 

In addition, semiconductor devices 
have màny important advantages 
òver other types of electron devices. 
They are very small and light in 
weight (some are less than an inch 
long and weigh just a fraction of an 
ounce). They have no filaments or 
heaters, and therefore require no 
heating power or warm-up time. 
They consume very little power. They 
are solid in construction, extremely 
rugged, free from microphonics, and 
can be made impervious to many se¬ 
vere environmental conditions. The 
circuits required for their operation 
are usually simple. 

SEMICONDUCTOR MATERIALS 

Unlike other electron devices, which 
depend for their functioning on thè 
flow of electric charges through a 
vacuum or a gas, semiconductor de¬ 
vices make use of thè flow of current 
in a solid. In generai, all materials 
may be classifìed in three major 
categories—conductors, semiconduc- 
tors, and insulators—depending upon 
their ability to conduct an electric 
current. As thè name indicates, a 
semiconductor material has poorer 


conductivity than a conductor, but 
better conductivity than an insulator. 

The materials most often used in 
semiconductor devices are germa- 
nium and Silicon. Germanium has 
higher electrical conductivity (less 
resistance to current flow) than 
Silicon, and is used in mostlow- and 
medium-power diodes and transis¬ 
tor s. Silicon is more suitable for 
high-power devices than germanium 
because it can be used at much higher 
temperatures. A relatively new ma¬ 
terial which combines thè principal 
desirable features of both germa¬ 
nium and Silicon is gallium arsenide. 
When further experience with this 
material has been obtained, it is ex- 
pected to fìnd much wider use in 
semiconductor devices. 

Resistivity 

The ability of a material to con¬ 
duct current (conductivity) is di- 
rectly proportional to thè number of 
free (loosely held) electrons in thè 
matefial. Good conductors, such as 
silver, copper, and aluminum, have 
large numbers of fre3 electrons; their 
resistivities are of thè order of a 
few millionths of an ohm-centimeter. 
Insulators such as glass, rubber, and 
mica, which have very few loosely 
held electrons, have resistivities as 
high as several million ohm-centi- 
meters. 

Semiconductor materials lie in thè 
range between these two extremes, 
as shown in Fig. 1. Pure germanium 
has a resistivity of 60 ohm-centi- 
meters. Pure Silicon has a consider- 
ably higher resistivity, in thè order 
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of 60,000 ohm-centimeters. As used 
in semiconductor devices, however, 
these materials contain carefully con- 
trolled amounts of certain rmpurities 


INCREASING RESISTIVITY 



COPPER GERMAN1UM SILICON GLASS 

-*-INCREASING CONDUCTIVITY 

Figure 1. Resistivity of typical conductor, 
semiconductors, and insulator. 

which reduce their resistivity to 
about 2 ohm-centimeters at room 
temperature (this resistivity de- 
creases rapidly as thè temperature 
rises). 

Impurities 

Carefully prepar ed semiconductor 
materials have a crystal strutture. 
In this type of structure, which is 
cali ed' a lattice, thè outer or valence 
electrons of individuai atoms are 
tightly bound to thè electrons of ad- 
jacent atoms in electron-pair bonds, 
as shown in Fig. 2. Because such a 



Figure 2. Crystal lattice structure. 


structure has no loosely held elec¬ 
trons, semiconductor materials are 
poor conductors under normal condi- 
tions. In order to separate thè elec¬ 
tron-pair bonds and provide free 
electrons for electrical conduction* 
it would be necessary to apply high 
temperatures or strong electric fìelds. 

Another way to alter thè lattice 
structure and thereby obtain free 
electrons, however, is to add small 


amounts of other elements having a 
different atomic structure. By thè ad- 
dition of almost infinitesimal amounts 
of such other elements, called “im¬ 
purities”, thè basic electrical proper- 
ties of pure semiconductor materials 
can be modified and controlled. The 
ratio of impurity to thè semicon¬ 
ductor material is usually extremely 
small, in thè order of one part in 
ten million. 

When thè impurity elements are 
added to thè semiconductor material, 
impurity atoms take thè place of 
semiconductor atoms in thè lattice 
structure. If thè impurity atoms 
added have thè same number of val¬ 
ence electrons as thè atoms of thè 
originai semiconductor material, they 
fit neatly into thè lattice, forming 
thè required number of electron-pair 
bonds with semiconductor atoms. In 
this case, thè electrical properties 
of thè material are essentially un- 
changed. 

When thè impurity atom has one 
more valence electron than thè semi¬ 
conductor atom, however, this extra 
electron cannot form an electron- 
pair bond because no adjacent val¬ 
ence electron is available. The excess 
electron is then held very loosely by 
thè atom, as shown in Fig. 3, and 
requires only slight excitation to 
break away. Consequently, thè pres- 
ence of such excess electrons makes 
thè material a better conductor, i.e., 
its resistance to current flow is 
reduced. 


ELECTRON-PAIR SEMICONDUCTOR 



IMPURITY EXCESS 

ATOM ELECTRON 

Figure 3. Lattice structure of n-type 
material. 
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Impurity elements which are added 
to germanium and Silicon crystals to 
provide excess electrons include ar- 
senic and antimony. When these ele¬ 
ments are introduced, thè resulting 
material is called n-type because thè 
excess free electrons have a negative 
charge. (It should be noted, however, 
that thè negative charge of thè elec¬ 
trons is balanced by an equivalent 
positive charge in thè center of thè 
impurity atoms. Therefore, thè net 
electrical charge of thè semiconduc¬ 
tor material is not changed.) 

A different effect is produced when 
an impurity atom having one less 
valence electron than thè semicon¬ 
ductor atom is substituted in thè 
lattice structure. Although all thè 
valence electrons of thè impurity 
atom form electron-pair bonds with 
electrons of neighboring semiconduc¬ 
tor atoms, one of thè bonds in thè 
lattice structure cannot be completed 
because thè impurity atom lacks thè 
final valence electron. As a result, a 
vacancy or “hole” exists in thè lat¬ 
tice, as shown in Fig. 4. An electron 
from an adjacent electron-pair bond 
may then absorb enough energy to 
break its bond and move through thè 
lattice to fili thè hole. As in thè 
case of excess electrons, thè presence 
of “holes” encourages thè flow of 
electrons in thè semiconductor ma¬ 
terial; consequently, thè conductivity 
is increased and thè resistivity is 
reduced. 

The vacancy or hole in thè crystal 
structure is considered to have a 

ELECTRON-PAIR SEMICONDUCTOR 



ATOM (HOLE) 

Figure 4. Lattice structure of p type 
material. 


positive electrical charge because it 
represents thè absence of an electron. 
(Again, however, thè net charge of 
thè crystal is unchanged.) Semi¬ 
conductor material which contains 
these “holes” or positive charges is 
called p-type material. P-type mate¬ 
rials are formed by thè addition of 
aluminum, gallium, or indium. 

Although thè difference in thè 
Chemical composition of n-type and 
p-type materials is slight, thè differ- 
ences in thè electrical characteristics 
of thè two types are substantial, and 
are very important in thè operation 
of semiconductor devices. 

P-N JUNCTIONS 

When n-type and p-type materials 
are joined together, as shown in Fig. 
5, an unusual but very important 
phenomenon occurs at thè surface 



SPACE-CHARGE REGION 

Figure 5. Interaction of holes and electrons 
at p-n junction. 


where thè two materials meet (called 
thè p-n junction). An interaction 
takes place between thè two types 
of material at thè junction as a re¬ 
sult of thè holes in one material and 
thè excess electrons in thè other. 

When a p-n junction is formed, 
some of thè free electrons from thè 
n-type material diffuse across thè 
junction and fili holes in thè lattice 
structure of thè p-type material. 
This interaction or diffusion occurs 
for a short time in thè immediate 
vicinity of thè junction, and produces 
a small space-charge region (some- 
times called thè transition region or 
depletion layer). The p-type material 
in this region acquires a slight nega¬ 
tive charge as a result of thè addi- 
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tion of electrons from thè n-type 
material. Conversely, thè n-type ma¬ 
terial in thè junction region acquires 
a slight positive charge as a result 
of thè loss of excess electrons. 

The potential gradient established 
across thè space-charge region by thè 
diffusion process is represented in 
Fig. 6 by an imaginary' battery 
connected across thè junction. (The 


JUNCTION 

rb 

P ! N 



IMAGINARY 

SPACE-CHARGE 

EQUIVALENT 

BATTERY 


Figure 6. Potential gradient across space- 
charge region. 


battery symbol is shown only to 
represent thè internai effects; thè 
potential is not measurable.) In thè 
absence of external circuits or volt- 
ages, this potential gradient dis- 
courages further diffusion across thè 
p-n junction because electrons from 
thè n-type material are repelled by 
thè slight negative charge induced 
in thè p-type material. In effect, 
therefore, thè potential gradient (or 
energy barrier, as it is sometimes 
called) prevents total interaction be- 
tween thè two types of material, and 
thus preserves thè differences in their 
characteristics. 

CURRENT FLOW 

When an external battery is con¬ 
nected across a p-n junction, thè 


amount of cùrrent flow is determined 
by thè polarity of thè applied voltage 
and its effect on thè space-charge 
region. In Fig. 7a, thè positive ter¬ 
minal of thè battery is connected to 
thè n-typé material and thè negative 
terminal to thè p-type material. In 
this arrangement, thè free electrons 
in thè n-type material are attracted 
toward thè positive terminal of thè 
battery and away from thè junction. 
At thè same time, electrons from thè 
negative terminal of thè battery en- 
ter thè p-type material and diffuse 
toward thè junction, filling holes in 
thè lattice structure as they ap- 
proach thè junction. As a result, thè 
space-charge region at thè junction 
becomes effectively wider, and thè 
potential gradient increases until it 
approaches thè potential of thè ex¬ 
ternal battery. Current flow is then 
extremely small because no voltage 
difference (electric field) exists across 
either thè p-type or thè n-type re¬ 
gion. Under these conditions, thè 
p-n junction is said to be reverse- 
biased. 

In Fig. 7b, thè positive terminal of 
thè external battery is connected to 
thè p-type material and thè negative 
terminal to thè n-type material. In 
this arrangement, electrons in thè 
p-type material near thè positive ter¬ 
minal of thè battery break their 
electron-pair bonds and enter thè 
battery, creating new holes. At thè 
same time, electrons from thè nega¬ 
tive terminal of thè battery enter thè 
n-type material and diffuse toward 
thè junction. As a result, thè space- 
charge region becomes effectively 
narrower, and thè energy barrier de- 
creases to an insignifìcant value. Ex¬ 
cess electrons from thè n-type mate- 
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(a) REVERSE BIAS 



Figure 7. Electron current flow in biased p-n junctions. 


rial can then penetrate thè space- 
charge region, flow across thè junc¬ 
tion, and move by way of thè holes 
in thè p-type material toward thè 
positive terminal of thè battery. This 
electron flow continues as long as 
thè external voltage is applied. Un¬ 
der these conditions, thè junction is 
said to be forward-biased. 

The generalized voltage-current 
characteristic for a p-n junction in 
Fig. 8 shows both thè reverse-bias 
and forward-bias regions. In thè 
fOrward-bias region, ' current rises 



Figure 8. Voltage-current characteristic for 
a p-n junction. 


rapidly as thè voltage is increased 
and is quite high. Current in thè 
reverse-bias region is usually much 
lower. Excessive voltage (bias) in 
either direction should be avoided in 
normal applications because exces¬ 
sive currents and thè resulting high 
temperatures may permanently dam- 
age thè semiconductor device. 

N-P-N AND P-NP STRUCTURES 

Fig. 7 shows that a p-n junction 
biased in thè reverse direction is 
equivalent to a high-resistance ele- 
ment (low current for a given ap¬ 
plied voltage), while a junction 
biased in thè forward direction is 
equivalent to a low-resistance ele- 
ment (high current for a given ap¬ 
plied voltage). Because thè power 
developed by a given current is 
greater in a high-resistancé element 
than in a low-resistance element 
(P=I 2 R), power gain can be ob- 
tained in a structure containing two 
such resistance elements if thè cur- 
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rent flow is not materially reduced. 
A device containing two p-n junb- 
tions biased in opposìte directions 
can operate in this fashion. 

Such a two-junction device is 
shown in Fig. 9. The thick end layers 



Figure 9. N-P-N structure biased for-power 
gain. 


are made of thè same type of mate¬ 
rial (n-type in this case), and are 
separated by a very thin layer of thè 
opposite type of material (p-type in 
thè device shown). By means of thè 
external batteries, thè left-hand (n-p) 
junction is biased in thè forward 
direction to provide a low-resistance 
input circuit, and thè right-hand 
(p-n) junction is biased in thè re¬ 
verse direction to provide a high- 
resistance output circuit. 

Electrons flow easily from thè left- 
hand n-type region to thè center p- 
type region as a result of thè forward 
biasing. Most of these electrons dif¬ 
fuse through thè thin p-type region, 
however, and are attracted by thè 
positive potential of thè external bat¬ 
tery across thè right-hand junction. 
In practical devices, approximately 
95 to 99.5 per cent of thè electron 
current reaches thè right-hand n- 
type region. This high percentage of 
current penetration provides power 
gain in thè high-resistance output 
circuit and is thè basis for transistor 
amplifìcation capability. 

The operation of p-n-p devices is 
similar to that shown for thè n-p-n 
device, except that thè bias-voltage 
polarities are reversed, and electron- 
current flow is in thè opposite direc¬ 
tion. (Many discussions of semicon¬ 
ductor theory assume that thè “holes” 
in semiconductor material constitute 
thè charge carriers in p-n-p devices, 
and discuss “hole currents” for these 
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devices and “electron currents” for 
n-p-n devices. Other texts discuss 
neither hole current nor electron cur- 
rent, but rather “conventional current 
flow”, which is assumed to travel 
through a Circuit in a direction from 
thè positive terminal of thè external 
battery back to its negative terminal. 
For thè sake of simplicity, this dis- 
cussion will be restricted to thè con- 
cept of electron current flow, which 
travels from a negative to a positive 
terminal.) 

TYPES OF DEVICES 

The simplest type of semiconduc¬ 
tor device is thè diode, which is rep- 
resented by thè symbol shown in Fig. 
10. Structurally, thè diode is basically 
a p-n junction similar to those shown 
in Fig. 7. The n-type material which 

N-TYPE P-TYPE 



Figure 10. Schematic symbol for a semi¬ 
conductor aiode. 

serves as thè negative electrode is 
referred to as thè cathode, and thè 
p-type material which serves as thè 
positive electrode is referred to as 
thè anode. The arrow symbol used 
for thè anode represents thè direc¬ 
tion of “conventional current flow” 
mentioned above; electron current 
flows in a direction opposite to thè 
arrow. 

Because thè junction diode con- 
ducts current more easily in one 
direction than in thè other, it is an 
effective rectifying device. If an ac 
signal is applied, as shown in Fig. 
11, electron current flows freely dur- 
ing thè positive half cycle, but little 
or no current flows during thè nega¬ 
tive half cycle. 

One of thè most widely used types 
of semiconductor diode is thè Sili¬ 
con rectifier. These devices are avail- 
able in a wide range of current 
capabilities, ranging from tenths of 
an ampere to 40 amperes or more, 
and are capable of operation at volt- 
ages as high as 800 volts or more. 


Parallel and series arrangements of 
Silicon rectifiers permit even further 
extension of current and voltage 



Figure 11. Simple diode rectrfying circurL 

limits. Characteristics and applica¬ 
tion of these devices are discussed 
in detail in thè Silicon Rectifiers 
Section. 

Several variations of thè basic 
junction diode structure have been 
developed for use in special applica¬ 
tion. The most important of these 
developments are thè tunnel diode, 
which is used for amplifìcation, oseil- 
lation, switching, and pulse genera¬ 
tion, and thè varactor or parametric 
diode, which amplifìes at very high 
frequencies. These special diodes are 
described in thè Tunnel, Varactor, 
and Other Diodes Section. 

When a second junction is added 
to a semiconductor diode to provide 
power or voltage amplifìcation (as 
shown in Fig. 9), thè resulting de¬ 
vice is called a transistor. The three 
regions of thè device are called thè 
emitter, thè base, and thè collector, 
as shown in Fig. 12. In normal oper¬ 
ation, thè emitter-to-base junction is 


EMITTER BASE COLLECTOR 


Figure 12. Functional diagram of transistor 
structure. 

biased in thè forward direction, and 
thè collector-to-base junction in thè 
reverse direction. 

Different symbols are used for 
n-p-n and p-n-p transistors to show 
thè difference in thè direction of cur¬ 
rent flow in thè two types of devices. 
In thè n-p-n transistor shown in Fig. 
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13a, electrons flow from thè emitter 
to thè collector. In thè p-n-p tran¬ 
sistor shown in Fig. 13b, electrons 



(a) N-P-N TRANSISTOR 



(b) P-N-P TRANSISTOR 


Figure 13. Schematic symbols for 
transistors. 

flow from thè collector to thè emit¬ 
ter. In other words, thè direction of 
de electron current is always oppo¬ 
site to that of thè arrow on thè 
emitter leacL (As in thè case of semi¬ 


conductor diodes, thè arrow indicates 
thè direction of “conventional cur¬ 
rent flow” in thè circuit.) 

The first two letters of thè n-p-n 
and p-n-p designations indicate thè 
respective polarities of thè voltages 
applied to thè emitter and thè 
collector in normal operation. In 
an n-p-n transistor, thè emitter is 
made negative with respect to both 
thè collector and thè base, and thè 
collector is made positive with re¬ 
spect to both thè emitter and thè 
base. In a p-n-p transistor, thè emit¬ 
ter is made positive with respect to 
both thè collector and thè base, and 
thè collector is made negative with 
respect to both thè emitter and thè 
base. 

The transistor, which is a three- 
element device, can be used for a 
wide variety of control functions, in- 
cluding amplifìcation, oscillation, and 
frequency conversion. Transistor 
characteristics and applications are 
discussed in detail in thè following 
sections. 
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Transistor Designs and 
Circuit Configurations 


T HE performance of transistors 
in electronic equipment depends 
on many factors besides thè basic 
characteristics of thè semiconductor 
material. The two most importanti 
factors are thè design and fabrica- 
tion of thè transistor structure and 
thè generai circuit configuration 
used. 

DESIGN AND FABR1CATI0N 

The ultimate aim of all tran¬ 
sistor fabrication techniques is thè 
construction of two par allei p-n junc- 
tions with controlled spacing between 
thè junctions and controlled impurity 
levels on both sides of each junction. 
A variety of structures has been 
developed in thè course of transistor 
evolution. 

The earliest transistors made were 
of thè point-contact type shown in 
Fig. 14. In this type of structure, 
two pointed wires were placed next 


EMITTER COLLECTOR 



Figure 14. Structure of point-contact 
transistor. 


to each other on an n-type block of 
semiconductor material. The p-n 
junctions were formed by electrical 
pulsing of thè wires. This type has 
been superseded by junction tran¬ 
sistors, which are fabricated by thè 
various alloy, diffusion, and crystal- 
growth techniques described below. 

In grown-junction transistors, thè 
impurity content of thè semiconduc¬ 
tor material is changed during thè 
growth of thè originai crystal ingot 
to provide thè p-il-p or n-p-n regions. 
The grown crystal is then sliced 
into a large number of small-area 
devices, and contacts are made to 
each region of thè devices, as shown 
in Fig. 15. The finished transistor 
is encased in plastic or a hermet- 
ically sealed enclosure. 



Figure 15. Structure of grown-junction 
transistor. 


In alloy-junction transistors, two 
small “dots” of a p-type or n-type 
impurity element are placed on op- 
posite sides of a thin wafer of n-type 
or p-type semiconductor material, 
respectively, as shown in Fig. 16. 
After proper heating, thè impurity 
“dots” alloy with thè semiconductor 
material to form thè regions for thè 


emitter and collector junctions. The 
base connection ih this structure is 
made to thè originai semiconductor 
wafer. 

COLLECTOR 



Figure 16. Structure of alloy-junction 
transistor. 

The drift-field transistor is a mod- 
ified alloy-junction device in which 
thè impurity concentration in thè 
base wafer is diffused or graded, as 
shown in Fig. 17. Two advantages 
are derived from this structure: 

(a) thè resultant built-in voltage òr 
“drift fìeld” speeds current flow, and 

(b) thè ability to use a heavy im¬ 
purity concentration in thè vicinity 
of thè emitter and a light concen¬ 
tration in thè vicinity of thè col¬ 
lector makes it possible to minimize 
capacitive charging times. Both 
these advantages lead to a substan- 
tial extension of thè frequency per¬ 
formance over thè alloy-junction 
device. 


COLLECTOR 



Figure 17. Structure of drift-field transìstor. 


Mesa and planar transistors use 
newer construction techniques which 
are better suited to many applica¬ 
tion than thè grown-junction or 
alloy methods. These transistors in- 
volve two basic processesi (1) thè 
use of diffusion masking materials 
and photolithographic techniques to 
obtain a planar structure in which 
all thè p-n junctions are buried un¬ 
der a protective passivating layer, 
and (2) thè use of a separate collec- 
tor-contact diffusion or an epitaxial 
growth to reduce thè electrical series 
resistance in thè collector. In these 


types, thè originai semiconductor 
wafer serves as thè collector. The 
base region is diffused into thè 
wafer, and thè emitter “dot” or re¬ 
gion is then alloyed or diffused into 
thè base region. A “mesa” or flat- 
topped peak may then be etched to 
reduce thè collector area at thè base- 
collector junction. The mesa struc¬ 
ture is inherently rugged, has large 
power-dissipation capability, and can 
operate at very high frequencies. 

Figs. 18, 19, and 20 show some of 
thè mesa and planar structures in 
production today. The grading of thè 
impurity concentration in thè base 
region results in a drift fìeld and in 
reduced base-lead resistance. The use 
of a diffused emitter region permits 
tight geometry control. The use of a 
relatively light impurity concentra¬ 
tion in thè collector region results in 
high collector-breakdown voltages 
and low collector-junction capaci¬ 
tale. 



Figure 18. Structure of (a) mesa transistor 
and (b) epitaxial transistor. 

BASIC CIRCUITS 


There are three basic ways of con- 
necting transistors in a circuit: 
common-base, common-emitter, and 
common-collector. In thè common- 
base (or grounded-base) connection 
shown in Fig. 21, thè signal is intro- 
duced into thè emitter-base circuit 
and extracted from thè collector-base 
circuit. (Thus thè base element of thè 
transistor is common to both thè in¬ 
put and output circuits.) Because thè 
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EMITTER CONTACT 



(b) 


Figure 19. Structure of (a) double-diffused 
epitaxial mesa transistor and (b) double- 
diffused planar transistor. 




Figure 20. Structure of (a) double-diffused 
epitaxial planar transistor and (b) triple- 
diffused epitaxial planar transistor. 


input or emitter-base circuit has a low 
impedance (resistance plus react- 
ance) in thè order of 0.5 tu 50 ohms, 
and thè output or collector-base Cir¬ 
cuit has a high impedance in thè 
order of 1000 ohms to one megohm, 
thè voltage or power gain in this 
type of configuration may be in thè 
order of 1500. 

The direction of thè arrows in Fig. 
21 indicates electron current flow, 
As stated previously, most of thè cur¬ 
rent from thè exnitter flows to thè col- 
lector; thè remainder flows through 
thè base. In practical transistors, 
from 95 to 99.5 per cent of thè emit- 
ter current reaches thè collector. The 
current gain of this configuration, 
therefore, is always less than unity, 
usually in thè order of 0.95 to 0.996. 

The waveforms in Fig. 21 repre- 
sent thè input voltage produced by 
thè signal generator e«, and thè out¬ 
put voltage developed across thè 
load resistor Rl. When thè input 
voltage is positive, as shown at AB, 
it opposes thè forward bias produced 
by thè base-emitter battery, and thus 
reduces current flow through thè 
n-p-n transistor. The reduced elec¬ 
tron current flow through Rl then 
causes thè top point of thè resistor 
to become less negative (or more 
positive) with respect to thè lower 
point, as shown at A'B' on thè out¬ 
put waveform. Conversely, when thè 
input signal is negative, as at CD, 
thè output signal is also negative, 
as at C'D\ Thus, thè phase of thè 
signal remains unchanged in this 
circuit, i.e., there is no voltage phase 
reversai between thè input and thè 
output of a common-base amplifier. 

In thè common-emitter (or 
grounded-emitter) connection shown 
in Fig. 22, thè signal is introduced 
into thè base-emitter circuit and ex¬ 
trac ted from thè collector-emitter 
circuit. This configuration has more 
moderate input and output imped- 
ances than thè common-base circuit. 
The input (base-emitter) impedance 
is in thè range of 20 to 6000 ohms, 
and thè output (collector-emittter) 
impedance is about 60 to 60,000 
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Figure 21. Common-base circuK 
configuration. 


ohms. Power gains in thè order of 
10,000 (or approximately 40 db) can 
be realized with this circuit because 
it provides both current gain and 
voltage gain. 

Current gain in thè common- 
emitter configuration is measured be¬ 
tween thè base and thè collector, 
rather than between thè emitter and 
thè collector as in thè common-base 
circuit. Because a very small change 
in base current produces a relatively 
large change in collector current, thè 
current gain is always greater than 
unity in a common-emitter circuit; 
a typical value is about 60. 

The input signal voltage under- 
goes a phase reversai of 180 degrees 
in a common-emitter amplifier, as 
shown by thè waveforms in Fig. 22. 


0.981 —► 



Figure 22. Common-emitter circuit 
configuration. 


When thè input voltage is positive, 
as shown at AB, it increases thè 
forward bias across thè base-emitter 
junction, and thus increases thè total 


current flow through thè transistor. 
The increased electron flow through 
Rl then causes thè output voltage 
to become negative, as shown at 
A'B'. During thè second half-cycle 
of thè waveform, thè process is re- 
versed, i.e., when thè input signal is 
negative, thè output signal is posi¬ 
tive (as shown at CD and C'D'.) 

The third type of connection, shown 
in Fig. 23, is thè common-collector 
(or grounded-collector) circuit. In 


0.981 



Figure 23. Common-coNector circuit 
configuration. 


this configuration, thè signal is intro¬ 
duced into thè base-collector circuit 
and extracted from thè emitter- 
collector circuit. Because thè input 
impedance of thè transistor is high 
and thè output impedance low in 
this connection, thè voltage gain is 
less than unity and thè power gain 
is usually lower than that obtained 
in either a common-base or a com¬ 
mon-emitter circuit. The common- 
collector circuit is used primarily as 
an impedance-matching device. As in 
thè case of thè common-base circuit, 
there is no phase reversai of thè sig¬ 
nal between thè input and thè output. 

The circuite shown in Figs. 21 
through 23 are biased for n-p-n tran¬ 
sistore. When p-n-p transistors are 
used, thè polarities of thè batteries 
must be reversed. The voltage phase 
relationships, however, remain thè 
same. 
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fT*iHE term “characteristic” is used 
to identify thè distinguishing elec- 
trical features and values of a tran¬ 
sistor. These values may be shown 
in curve form or they may be tabu- 
lated. When tbe characteristics values 
are given in curve form, thè curves 
may be used for thè determination 
of transistor performance and thè 
calculation of additional transistor 
parameters. . 

Characteristics values are obtained 
from electrical measurements of tran¬ 
sistor in various circuits under cer- 
tain definite conditions of current and 
voltage. Static characteristics are ob¬ 
tained with de potentials applied to 
thè transistor electrodes. Dynamic 
characteristics are obtained with an 
ac voltage on one electrode under 
various conditions of de potentials 
on all thè electrodes. The dynamic 
characteristics, therefore, are indica¬ 
tive of thè performance capabilities 
of thè transistor under actual work¬ 
ing conditions. 

Published data for .transistor in¬ 
clude both electrode characteristic 
curves and transfer characteristic 
curves. These curves present thè 
same information, but in two differ- 
ent forms to provide more useful 
data. Because transistors are used 
most often in thè common-emitter 
confìguration, characteristic curves 
are usually shown for thè collector 
or output electrode. The collector- 
characteristic curve is obtained by 
varying collector-to-emitter voltage 
and measuring collector current for 
different values of base current. The 
transfer-characteristic curve is ob¬ 


tained by varying thè base-to-emitter 
(bias) voltage at a specifìed or Con¬ 
stant collector voltage, and measur¬ 
ing collector current for different 
base currents. A collector-character- 
istic family of curves is shown in Fig. 
24. Fig. 25 shows thè transfer- 
characteristic family of curves for 
thè same transistor. 


TYPICAL COLLECTOR CHARACTERISTICS 



92CS-1II76T 


Figure 24. Collector-characteristic curves. 


TYPICAL TRANSFER CHARACTERISTICS 



Figure 25. Transfer-characteristic curves. 


Transistor Characteristics 

Ohe of thè most important char- 
actèristihs of a transistor is its 
forward current-transfer ratio, i.e., 
thè ratio of thè current in thè output 
electrode tò thè current in thè input 
electrode. Because of thè different 
ways in which transistors may be 
connected in circuits, thè forward 
current-transfer ratio is specifìed for 
a particular circuit confìguration. 
The common-base forward current- 
transfer ratio is often called alpha 
(or <*), and thè cómmon-emitter for¬ 
ward current-transfer ratio is often 
called beta (or /3). 

In thè common-base circuit shown 
in Fig. 21, thè emitter is thè input 
electrode and thè collector is thè 
output electrode. The de alpha, there¬ 
fore, is thè ratio of thè de collector 
current Io to thè de emitter current 
la: 



0.981 


0.98 


In thè common-emitter circuit 
shown in Fig.. 22, thè base is thè 
input electrode and thè collector is 
thè output electrode. The de beta, 
therefore, is thè ratio of thè de col¬ 
lector current I 0 to thè de base cur¬ 
rent Ib : 


I c _ 0.98 I 

1^ “ 0.02 I 


- 49 


Because thè ratios given above are 
bàsed on de currents, they are prop- 
erly called de alpha and de beta. It 
is more common, however, for thè 
current-transfer ratio to be given in 
terms of thè ratio of signal currents 
in thè input and output electrodes, or 
thè ratio Of a change in thè output 
current to thè input signal current 
which causes thè change. Fig. 26 
shows typical electrode currents in 
a common-emitter Circuit under no- 
signal conditions and with a one- 
microampere signal applied to thè 
base. The signal current of one 
microampere in thè base causes a 
change of 49 microamperes (147-98) 
in thè collector current. Thus thè ac 
beta for thè transistor is 49. 
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I E =I00/iA 

NO SIGNAL 



I e = l50 M A 


i s = IaA 

Figure 26. Electrode currents under no- 
signal and signal conditions. 

The frequency cutoff of a transis¬ 
tor is defìned as thè frequency at 
which thè value of alpha (for a 
common-base circuit) or beta (for a 
commòri-emitter circuit) drops to 
0.707 times its one-kilocycle value. 
The gain-bandwidth produci is thè 
frequency at which thè common- 
emitter forward current-transfer 
ratio (beta) is equal to unity. These 
characteristics provide an approp¬ 
riate indication of thè useful fre- 
quency range of thè device, and 
help to determine thè most suitable 
circuit confìguration for a particular 
application. Fig. 27 shows typical 
cUrves of alpha and beta as functions 
of frequency. 

Extrinsic transconductance may 
be defìned as thè quotient of a small 
change in collector current divided 
by thè small change in emitter-to- 
bàse voltage producing it, under thè 
condition that other voltages remain 
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Figure 27. Forward current-transfer ratio 
as a function of frequency. 


unchanged. Thus, if an emitter-to- 
base voltage change of 0.1 volt causes 
a collector-current change of 3 milli- 
amperes (0.003 ampere) with other 
voltages Constant, thè transconduct- 
ance is 0.003 divided by 0.1, or 0.03 
mho. (A “mho” is thè unit of con- 
ductance, and was named by spelling 
“ohm” backward.) For convenience, 
a millionth of a mho, or a micro- 
mho (fi mho), is used to express trans- 
conductance. Thus, in thè example, 
0.03 mho is 30,000 micromhos. 

Cutoff currents are small de reverse 
currents which flow when a transistor 
is biased into non-conduction. They 
consist of leakage currents, which 
are related to thè surface character- 
istics of thè semiconductor material, 
and saturation currents, which are 
related to thè impurity concentration 
in thè material and which increase 
with increasing temperatures. Col- 
lector-cutoff current is thè de current 
which flows in thè reverse-biased 
collector-to-base circuit when thè 
emitter-to-base circuit is open. 
Emitter-cutoff current is thè cur¬ 
rent which flows in thè reverse- 
biased emitter-to-base circuit when 
thè collector-to-base circuit is open. 

Transistor breakdown voltages de¬ 
fine thè voltage values between two 
specified electrodes at which thè crys- 
tal structure changes and current 
begins to rise rapidly. The voltage 
then remains relatively Constant over 
a wide range of electrode currents. 
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Breakdown voltages may be meas- 
ured with thè third electrode open, 
shorted, or biased in either thè for¬ 
ward or thè reverse direction. For 
example, Fig. 28 shows a series of 
collector-characteristic curves for 
different base-bias conditions. It can 
be seen that thè collector-to-emitter 
breakdown voltage increases as thè 
base-to-emitter bias decreases from 
thè normal forward values through 
zero to reverse values. The symbols 
shown on thè abscissa are sometimes 
used to designate collector-to-emitter 
breakdown voltages with thè base 
open (BVomo), with external base-to- 
emitter resistance (BVobb), with thè 
base shorted to thè emitter (BVobs), 
and with a reverse base-to-emitter 
voltage (BVcmx). 

As thè resistance in thè base-to- 
emitter circuit decreases, thè col¬ 
lector characteristic develops two 
breakdown points, as shown in Fig. 
28. After thè initial breakdown, thè 
collector-to-emitter voltage decreases 
with increasing collector current 
until another breakdown occurs at a 
lower voltage. This minimum collec¬ 
tor-to-emitter breakdown voltage is 
called thè sustaining voltage. 

(In large-area power transistore, 
there is a destructive mechanism 
referred to as “second breakdown”. 
This condition is not a voltage break¬ 
down, but rather an electrically and 
thermally regenerative process in 
which current is focused in a very 
small area of thè order of thè diam- 
eter of a human hair. The very 
high current, together with thè volt¬ 
age aerose thè transistor, causes a 
localized heating that may melt a 
minute hole from thè collector to thè 
emitter of thè transistor and thus 
cause a short circuit. This regenera¬ 
tive process is not initiated unless 
certain high voltages and currents 
are coincident for certain finite 
lengths of time.) 

The curves at thè left of Fig. 28 
show typical collector characteristics 
under normal forward-bias condi¬ 
tions. For a given base input current, 
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thè collector-to-emitter saturation 
voltage is thè minimum voltage re- 
quired to maintain thè transistor in 
full conduction (i.e., in thè satura¬ 
tion region). Under saturation con¬ 
ditions, a further increase in forward 
bias produces no corresponding in- 


a sharp increase in current. Punch- 
through voltage does not result in 
permanent damage to a transistor, 
provided there is sufficient impedance 
in thè power-supply source to limit 
thè transistor dissipation to safe 
values. 



Figure 28. Typical collector-characteristic curves showing locations of varlous breakdown* 

voltages. 


crease in collector current. Saturation 
voltages are very important in switch- 
ing applications, and are usually 
specified for several conditions of 
electrode currents and ambient tem¬ 
peratures. 

Reach-through (or punch-through) 
voltage defines thè voltage value at 
which thè depletion region in thè 
collector region passes completely 
through thè base region and makes 
contact at some point with thè emit¬ 
ter region. This “reach-through” 
phenomenon results in a relatively 
low-resistance path between thè 
emitter and thè collector, and causes 


Stored base charge is a measure 
of thè amount of charge which exists 
in thè base region of thè transistor 
at thè time that forward bias is re- 
moved. This stored charge supporta 
an undiminished collector current in 
thè saturation region for some finite 
time before complete switching is 
effected. This delay interval, called 
thè “Storage time”, depends on thè 
degree of saturation into which thè 
transistor is driven. (This eifect is 
discussed in more detail under 
“Switching” in thè Transistor Appli¬ 
cations Section.) 
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Transistor Applications 


T HE diversifìed applications of 
transistors are treated in this sec- 
tion under thè three major classifì- 
cations of Amplifìcation, Oscillation, 
and Switching. Because various bias- 
ing and coupling methods are used 
in transistor circuits, bias and cou¬ 
pling arrangements are discussed 
separately before specifìc applica¬ 
tions are considered. Also discussed 
are stability requirements for tran¬ 
sistor circuits. 

BIASING 

The operating point for a par- 
ticular transistor is established by 
thè quiescent (de, no-signal) values 
of collector voltage and emitter cur- 
rent. In generai, a transistor may be 
considered as a current-operated de¬ 
vice, i.e., thè current flowing in thè 
emitter-base circuit Controls thè 
current flowing in thè collector Cir¬ 
cuit. The voltage and current values 
selected, as well as thè particular 
biasing arrangement used, depend 
upon both thè transistor character- 
istics and thè specifìc requirements 
of thè application. 


N-P-N 



Figure 29. Biasing network for common-l 


As mentioned pfèviously, biasing 
of a transistor for most applications 
consists of forward bias across thè 
emitter-base junction and reverse 
bias across thè collector-base junc¬ 
tion. In Figs. 21, .22, and 23, two 
batteries were used to establish bias 
of thè correct polarity for an n-p-n 
transistor in thè common-base, com- 
mon-emitter, and common-collector 
circuits, respectively. Many varia- 
tions of these basic circuits can also 
be used. (In these simplifìed circuits, 
inductors and transformers are rep- 
resented only by their series re- 
sistances.) 

A simplifìed biasing arrangement 
for thè common-base circuit is shown 
in Fig. 29. Bias for both thè collector- 
base junction and thèemitter-base 
junction is obtained from thè single 
battery through thè voltage-divider 
network consisting of resistors R» 
and R 3 . (For thè n-p-n transistor 
shown in Fig. 29a, thè emitter-base 
junction is forward-biased because 
thè emitter is negative with respect 
to thè base, and thè collector-base 


P-N-P 



circuit for (a) n-p-n and (b) p-n-p transistors. 


junction is reverse-biased because 
thè collector is positive with respect 
to thè base, as shown. For thè p-n-p 
transistor shown in Fig. 29b, thè 
polarity of thè battery and of thè 
electrolytic bypass capacitor Ch is 
reversed.) The electron current I 
from thè battery and through thè 
voltage divider causes a voltage drop 
across resistor R 2 which biases thè 
emitter with respect to thè base. 
This resistor is bypassed with capac¬ 
itor Ci so that thè base is effectively 
grounded for ac signals. 

The common-emitter circuit also 
can be biased by means of a single 
battery. The simplifìed arrangement 
shown in Fig. 30 is commohly called 
“fìxed bias”. In this case, both thè 
base and thè collector are made 
positive with respect to thè emitter 
by means of thè battery. The base 
resistance Rb is then selected to pro¬ 
vide thè desired base current for 
thè transistor (which, ih tura, éstab- 
lishes thè desired emitter current), by 
means of thè following expression: 

_ Battery volts Ebb 
B Desired base amperes I B 

In thè circuit shown, for example, 
thè battery voltage is six volts. The 



Figure 30. "Fixed-bias'’ arrangement for 
common-emitter circuit. 


value of Rb was selected to provide 
a base current of 30 microamperes, 
as follows: 



Ebb 

Ib 


6 

30 X IO’ 6 


200,000 ohms 


The fìxed-bias arrangement shown 
in Fig. 30, however, is not a satis- 
factory method of biasing thè base 
in a common-emitter circuit. The 
criticai base current in this type of 
circuit is very diffìcult to maintain 
under fixed-bias conditions because 
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of variations between transistors 
and thè sensitivity of these devices 
to temperature changes. This prob- 
lem is partially overcome in thè “self- 
bias” arrangement shown in Fig. 31. 


Rb 



Figure 31. "Self-bias” arrangement for 
common-emitter circuit. 


In this circuit, thè base resistor is 
tied directly to thè collector. This 
connection helps to stabilize thè pper- 
ating point because an increase or 
decrease in collector current pro- 
duces a corresponding increase or 
decrease in base bias. The value of 
Rb is then determined as described 
above, except that thè collector volt¬ 
age E 0 is used in place of thè sup- 
ply voltage Ebb: 

Rb = ^ = ---- = 100,000 ohms 

I B 30 X IO -6 

The arrangement shown in Fig. 31 
overcomes many of thè disadvan- 
tages of fixed bias, although it re- 
duces thè effective gain of thè circuit. 

In thè bias method shown in Fig. 
32, thè voltage-divider network com- 
posed of Ri and. R 2 provides thè 
required forward bias across thè 
base-emitter junction. The value of 
thè base bias is determined by thè 
current through thè voltage divider. 
Any change in collector current 


Ri 



Figure 32. Bias network using voltage- 
divider arrangement for increased stability. 
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caused by a change in emitter 
current, therefore, automatically 
changes thè base bias. This type of 
circuit provides less gain than thè 
circuit of Fig. 31, but is commonly 
used because of its inherent stability. 

The common-emitter circuits shown 
in Figs. 33 and 34 may be used to 
provide stability and yet minimize 
loss of gain. In Fig. 33, a resistor 
Rs is added to thè emitter circuit, 
and thè base resistor Ri is returned 



Figure 33. Bias network using emitter 
stabilizing resistor. 

to thè positive terminal of thè bat- 
tery instead of to thè collector. The 
emitter resistor Ra provides addi- 
tional stability; it is bypassed with 
capacitor C H . The value of Cm is 
usually about 50 microfarads, but 
may be much higher depending, 
among other things, on thè lo west 
frequency to be amplified. 

In Fig. 34, thè R 2 R 3 voltage-divider 
network is split, and all ac feedback 
currents through Ra are shunted to 
ground (bypassed) by capacitor Ci. 
The value of R 3 is usually larger 
than thè value of Ri. The total re- 
sistance of Ri and R 3 should equal 
thè resistance of Ri in Fig. 32. 


r 2 R3 

WV^WVj 



Figure 34. Bias network using split voitage- 
divider network. 

In practical circuit applications, 
any combination of thè arrange- 
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ments shown in Figs. 31, 32, 33, and 
34 may be used. However, thè sta¬ 
bility of Figs. 31, 32, and 34 may be 
poor unless thè voltage drop across 
thè load resistor R L is at least one- 
third thè value of thè supply volt¬ 
age. The determining factors in thè 
selection of thè biasing circuit are 
usually gain and circuit stability. 

In many cases, thè bias network 
may include special elements to com¬ 
pensate for thè effects of variations 
in ambient temperature or in sup¬ 
ply voltage. For example, thè therm- 
istor (temperature-sensitive resis¬ 
tor) shown in Fig. 35a is used to 
compensate for thè rapid increase 
of collector current with increasing 
temperature. Because thè thermistor 
resistance decreases as thè tempera¬ 
ture increases, thè bias voltage is 
reduced and thè collector current 
tends to remain Constant. The addi- 
tion of thè shunt and series resist- 
ances provides most effective com- 



, SUPPLY 
’ VOLTAGE 


DIODE 


(a) (b) 

Figure 35. Bias networks including (a) a 
thermistor and (b) a temperature- and 
voltage-compensating diode. 

pensation over a desired temperature 
range. 

The diode biasing network shown 
in Fig. 35b stabilizes collector cur¬ 
rent for variations in both tempera¬ 
ture and supply voltage. The diode 
current determines a bias voltage 
which establishes thè transistor 
idling current (collector current un¬ 
der no-signal conditions). As thè tem¬ 


perature increases, this bias voltage 
decreases. Because thè transistor 
characteristic also shifts in thè same 
direction and magnitude, however, 
thè idling current remains essen- 
tially independent of temperature. 
Temperature stabilization with a 
diode network is substantially better 
than that provided by most therm¬ 
istor bias networks. 

In addition, thè diode bias current 
varies in direct proportion with 
changes in supply voltage. The re- 
sultant change in bias voltage is 
small, however, so that thè idlmg 
current also changes in direct pro¬ 
portion to thè supply voltage. Sup- 
ply-voltage stabilization with a diode 
biasing network reduces current 
variation to about one-fifth that ob- 
tained when resistor or thermistor 
bias is used. 

COUPLING 


herent in this transformer is not 
significant in transistor circuits be¬ 
cause, as mentioned previously, thè 
transistor is a current-operated 
device. Although thè voltage is 
stepped down, thè available current 
is stepped up. The change in base 
current resulting from thè presence 
of thè signal causes an ac collector 
current to flow in thè primary wind- 
ing of transformer T 2 , and a power 
gain can be measured between Ti 
and T 2 . 

This use of a voltage step-down 
transformer is similar to that in thè 
output stage of an audio amplifier, 
where a step-down transformer is 
normally used to drive thè loud- 
speaker, which is also a current- 
operated device. The purpose of thè 
transformer in both cases is to 
transfer power from one impedance 
level to another. 


Three basic methods are used to 
couple transistor stages : trans¬ 
former, resistance-capacitance, and 
direct coupling. 

The major advantage of trans¬ 
former coupling is that it permits 
thè input and output impedance of 
thè transistor to be matched for 
maximum power gain. The trans- 
former-coupled common-emitter 
n-p-n stage shown in Fig. 36 em- 
ploys both fìxed and self bias, and 
includes an emitter resistor R H for 


The voltage-divider network con- 
sisting of resistors Ri and R* in Fig. 
36 provides bias for thè transistor. 
The voltage divider is bypassed by 
capacitor Ci to avoid signal attenua¬ 
tori. The stabilizing emitter resistor 
Rb permits normal variations of thè 
transistor and circuit elements to be 
compensated for automatically with- 
out adverse eifects. This resistor R H 
is bypassed by capacitor Cs. The 
voltage supply E b b is also bypassed, 
by capacitor C3, to prevent feedback 



Figure 36. Transformer-coupled common-emitter stage. 


stabilization. The voltage step-down 
transformer Ti couples thè signal 
from thè collector of thè preceding 
stage to thè base of thè common- 
emitter stage. The voltage loss in¬ 


in thè event that ac signal voltages 
are developed across thè power sup¬ 
ply. Capacitor Ci and C 2 may nor¬ 
mally be replaced by a single 
capacitor connected between thè emit- 
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ter and thè bottoni of thè secondary 
winding of transformer Ti with little 
change in performance. 

Because there is no resistor in thè 
collector circuit to dissipate power, 
thè effìciency of a transformer- 
coupled stage approaches thè theo- 
retical maximum of 50 per cent. In 
addition, thè very low impedance in 
thè base circuit may simplify thè 
problem of temperature stabilization. 
When a large stabilizing resistor is 
used in series with thè emitter, thè 
circuit stability factor may be very 
high. 

The use of resistance-capacitance 
coupling usually permits some econ- 
omy of circuit costs and reduction 
of size, with some accompanying 
sacrifìce of gain. This method of 
coupling is particularly desirable in 
low-level, low-noise audio amplifier 
stages to minimize hum pickup from 
stray magnetic fields. Use of resist- 
ance-capacitance (RC) coupling in 
battery-operated equipment is Usu- 
ally limited to low-power operation. 
The frequency response of an RC- 
coupled stage is normally better than 


that of a transf ormer-coupléd stage. 

Fig. 37a shows a two-stage RC- 
coupled circuit using n-p-n transis¬ 
tori in thè common-emitter config- 
uration. The method of bias is similar 
to that used in thè transformer- 
coupled circuit of Fig. 36. The major 
additional components are thè col- 
lèctor load resistances Rli and Rls 
and thè coupling capacitor C e . The 
value of C c must be made fairly 
large, in thè order of 2 to 10 micro- 
farads, because of thè small input 
and load resistances involved. (It 
should be noted that electrolytic ca- 
pacitors are normally used for cou¬ 
pling in transistor audio circuits. 
Polarity must be observed, therefore, 
to obtain proper circuit operation. 
Occasionally, excessive leakage cur- 
rent through an electrolytic coupling 
capacitor may adversely affect tran¬ 
sistor operating currents.) 

Impedance coupling is a modified 
form of resistance-capacitance cou¬ 
pling in which inductances are used 
to replace thè load resistors. This 
type of coupling is rarely used ex- 
cept in special applications where 
supply voltages are low and cost is 



(b) 

Figure 37. (a) Two-stage resistance-capacitance-coupled circuit and (b) two-stage direct- 

coupled circuit. 
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not a signifìcant factor. 

Direct coupling is used primarily 
^vhen cost is an important factor. 
(It should be noted that direct- 
coupìed amplifìers are not inherently 
de amplifìers, i.e., that they cannot 
always amplify de signals. Low- 
frequency response is usually limited 
by other factors than thè coupling 
network.) In thè direct-coupled am- 
plifìer shown in Fig. 37b, resistor R 8 
serves as both thè collector load re¬ 
sistor for thè fìrst stage and thè 
bias resistor for thè second stage. 
Resistors Ri and Ra provide circuit 
stability similar to that of Fig. 32 
because thè emitter voltage of tran¬ 
sistor Qa and thè collector voltage of 
transistor Qi are within a few tenths 
of a volt of each other. 

Because so few circuit parts are 
required in thè direct-coupled ampli¬ 
fier, maximum economy can be 
achieved. However, thè number of 
stages which can be directly coupled 
is limited. Temperature variation of 
thè bias current in one stage is 
amplified by all thè stages, and 
severe temperature instability may 
result. 

CIRCUIT STABILITY 

Because transistor currents tend 
to increase with temperature, it is 
necessary in thè design of transistor 


circuits to include a “stability fac¬ 
tor” to limit dissipation to safe 
values under thè expected high-tem- 
perature operating conditions. The 
circuit stability factor SF is ex- 
pressed as thè ratio between a change 
in de collector current Io and thè cor- 
responding change in de collector- 
cùtoff current with thè emitter open 
leso. 

For a given set of operating volt¬ 
ages, thè stability factor can be cal- 
culated for a maximum permissible 
rise in de collector current from thè 
room-temperature value, as follows: 

(-i tti Icmax “ IOI 

br = j - j - 

1CB02 — ICBOl 

where Im and Icsoi are measured at 
25 degrees centigrade, Icbos is meas¬ 
ured at thè maximum expected am- 
bient (or junction) temperature, and 
Iomax is thè maximum permissible 
"collector current for thè specified 
collector-to-emitter voltage at thè 
maximum expected ambient (or junc¬ 
tion) temperature (to keep transis¬ 
tor dissipation within ratings). 

The calculated values of SF can 
then be used, tog;ether with thè ap¬ 
propriate values of beta and r b (base- 
connection resistance), to determine 
suitable resistance values for thè 
transistor circuit. Fig. 38 shows 
equations for SF in terms of resist- 



cr KRi-t-rV) 

R 2 '+£R| 
R 2 '= R 2 + rb 



/3(R[ + Req) 
Req +/3 R| 


Re< > =R 2 ,+ R7f^ 
R 2 '= R 2 + rb 


SF =^1 

Q +/3 P 

Q=R2'(R3+R4 +R 5J + R 4 R 5 
P=R| (R3 +r 4 +r 5) + r 3 r 5 
R 2 ,= R 2 + r b 


Figure 38. Circuit-stability-factor equations for three typicaJ Circuit configurations. 
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ance values for three typical circuit 
configurations. The maximum value 
which SF can assume is thè value 
of beta, 

AMPLIFICATION 

The amplifying action of a tran¬ 
sistor can be used in various ways 
in electronic circuits, depending on 
thè results desired. The four recog- 
nized classes of amplifier Service can 
be defìned for transistor circuits as 
follows: 

A class A amplifier is an amplifier 
in which thè base bias and alter- 
nating signal are such that collector 
current in a specifìc transistor flows 
continuously during thè complete 
electrical cycle of thè signal, and 
even when no signal is present. 

A class AB amplifier is an ampli¬ 
fier in which thè base bias and alter- 
nating signal are such that collector 
current in a specifìc transistor flows 
for appreciably more than half but 
less than thè entire electrical cycle. 

A class B amplifier is an amplifier 
in which thè base is biased to ap- 
proximately collector-current cutoff, 
so that collector current is approxi- 
mately zero when no signal is ap- 
plied, and so that collector current 
in a specifìc transistor flows for ap- 
proximately one-half of each cycle 
when an alternating signal is ap- 
plied. 

A class 0 amplifier is an amplifier 
in which thè base is biased to such 
a degree that thè collector current 
in each transistor is zero when no 
signal is applied, and so that col¬ 
lector current in a specifìc transistor 
flows for appreciably less than one- 
half of each cycle when an alter¬ 
nating signal is applied. 

For radio-frequency (rf) ampli- 
fiers which operate into selective 
tuned circuits, or for other ampli- 
fìers in which distortion is not a 
prime f actor, any of thè above classes 
of amplification may be used with 
either a single transistor or a push- 
pull stage. For audio-frequency (af) 
amplifiers in which distortion is an 
important factor, single transistors 


can be used only in class A ampli¬ 
fiers. For class AB or class B audio- 
amplifier Service, a balanced amplifier 
stage using two transistors is re- 
quired. A push-pull stage can also 
be used in class A audio amplifiers 
to obtain reduced distortion and 
greater power output. Class C ampli¬ 
fiers cannot be used for audio appli¬ 
cation. 

Audio Amplifiers 

Audio amplifier circuits are used 
in radio and television receivers, 
public address Systems, sound re- 
corders and reproducers, and similar 
applications to amplify signals in thè 
frequeney range from 10 to 20,000 
cycles per second. Each transistor in 
an audio amplifier can be considered 
as either a current amplifier or a 
power amplifier. 

Simple class A amplifier circuits 
are normally used in low-level audio 
stages such as preamplifiers and 
drivers. Preamplifiers usually follow 
low-level output transducers such as 
microphones, hearing-aid and phono- 
graph pickup devices, and recorder- 
reproducer heads. 

One of thè most important char- 
acteristics of a low-level amplifier 
circuit is its signal-to-noise ratio, 
or noise figure. The input circuit of 
an amplifier inherently contains some 
thermal noise contributed by thè re¬ 
sistive elements in thè input device. 
All resistors generate a predictable 
quantity of noise power as a result 
of thermal activity. This power is 
about 160 db below one watt for a 
bandwidth of 10 kilocycles. 

When an input signal is amplified, 
therefore, thè thermal noise gener- 
ated in thè input circuit is also 
amplified. If thè ratio of signal 
power to noise power (S/N) is thè 
same in thè output circuit as in thè 
input circuit, thè amplifier is con¬ 
sidered to be “noiseless” and is said 
to have a noise figure of unity, or 
zero db. 

In practical circuits, however, thè 
ratio of signal power to noise power 
is inevitably impaired during ampli¬ 
fication as a result of thè generation 
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of additional noise in thè circuit ele¬ 
ments. A measure of thè degree of 
impairment is called thè noise figure 
(NF) of thè amplifier, and is ex- 
pressed as thè ratio of signal power 
to noise power at thè input (Si/Ni) 
divided by thè ratio of signal power 
to noise power at thè output (So/No), 
as follows: 


The noise figure in db is equal to 
ten times thè logarithm of this 
power ratio. For example, an ampli¬ 
fier with a one-db noise figure de- 
creases thè signal-to-noise ratio by 
a factor of 1.26, a 3-db noise figure 
by a factor of 2, a 10-db noise figure 
by a factor of 10, and a 20-db noise 
figure by a factor of 100. A value of 
NF below 6 db is generally con¬ 
sidered excellent. 

In audio amplifiers, it is desirable 
that thè noise figure be kept low. In 
generai, thè lowest value of NF is 
obtained by use of an emitter cur¬ 
rent of less than one milliampere, a 
collector voltage of less than two 
volts, and a signal-source resistance 
between 300 and 3000 ohms. 

In thè simple low-level amplifier 
stage shown in Fig. 39, thè resistors 
Ri and Rz determine thè base-emitter 
bias for thè p-n-p transistor. Resis¬ 
tor Rs is thè emitter stabilizing re¬ 
sistor; capacitor Ci bypasses thè ac 
signal around Ra. The output signal 
is developed across thè collector load 
resistor R*. The collector voltage and 
thè emitter current are kept rela- 
tively low to reduce thè noise figure. 

In many cases, low-level amplifier 
stages used as preamplifiers include 
some type of frequency-compensa- 
tion network to improve either thè 
low-frequency or thè high-frequency 
components of thè input signal. The 
simplest type of equalization net¬ 
work is shown in Fig. 40. Because 



Figure 39. Simple low-level class A 
amplifier. 


thè capacitor C is effectively an open 
circuit at low frequencies, thè low 
frequencies must be passed through 
thè resistor R and are attenuateci. 
The capacitor has a lower reactance 
at high frequencies, however, and 
bypasses high-frequency components 
around R so that they receive negli¬ 
gile attenuation. Thus thè network 
effectively “boosts” thè high frequen¬ 
cies. 

Feedback networks may also be 
used for frequeney compensation and 
for reduction of distortion. Basically, 
a feedback network retums a por- 
tion of thè output signal to thè input 
circuit of an amplifier. The feedback 
signal may be retumed in phase with 
thè input signal (positive or re¬ 
generative feedback) or 180 degrees 
out of phase with thè input signal 
(negative, inverse, or degenerative 
feedback). In either case, thè feed¬ 
back can be made proportional to 
either thè output voltage or thè out¬ 
put current, and can be applied to 
either thè input voltage or thè input 
current. A negative feedback signal 
proportional to thè output current 
raises thè output impedance of thè 
amplifier; negative feedback propor¬ 
tional to thè output voltage reduces 
thè output impedance. A negative 
feedback signal applied to thè input 
current decreases thè input imped¬ 
ance; negative feedback applied to 
thè input voltage increases thè input 



Figure 40. Simple RC frequency-compensation network. 
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impedance. Opposite effects are prò- Such circuite should be designed to 
duced by positive feedback. minimize thè flow of de eurrents 

A simple negative or inverse feed- through these Controls so that little 
back network which provides high- or no noise will be developed by thè 
frequency boost is shown in Fig. 41. movable contact during thè life of 


R[ R2 



Figure 41. Negative-feedback frequency-compensation network. 


This network provides equalization thè circuit. Volume Controls and their 

comparable to that obtained with Fig. associated circuite should permit var- 

40, but is more suitable for low-level iation of gain from zero to màxi- 

amplifìer stages because it does not munì, and should attenuate all 

require high-level low frequencies. frequencies equally for all positions 

In addition, thè inverse feedback im- of thè variàble arm of thè control, 

proves thè distortion characteristics Several examples of volume Controls 

of thè amplifìer. and ton'e Controls are shown in thè 

As mentioned previously, it is Circuits Sectióri, 

undesirable to use a high-resistance Driver stages' in audio amplifìers 
signal source for an audio amplifìer are located immediately before thè 

because of thè high noise figure in- power-output stage. When a single- 

volved. High source resistance can- ended class A output stage is Used,, 

not be avoided, however, if an input thè driver stage is similar to a pre- 

device such as a crystal pickup is amplifìer stage. When a push-pull 

used. In such cases, thè use of nega- output stage is used, however, thè 

tive feedback to raise thè input im- audio driver must provide two output 

pedance of thè amplifìer circuit (to signals, each 180 degrees out of 

avoid mismatch loss) is no solution phase with thè other. This phase re- 

because feedback cannot improve thè quirement can be met by use of a 

signal-to-noise ratio of thè amplifìer. tapped-secondary transformer be- 

A more practical method is to in- tween a single-ended driver stage 

crease thè input impedance some- and thè Output stage, as shown in 

what by operating thè transistor at Fig. 42. The transformer Ti provides 



Figure 42. Driver stage for push-puli output circuit. 


thè lowest practical current level and thè required out-of-phase input si^ 

by using a transistor which has a nals for thè two transistors Q 1 and 

high forward current-transfer ratio. Q 2 in thè push-pull output stage. 

Some preamplifìer or low-level Transistor audio power amplifìers 
audio amplifìer circuits include vari- may be class A single-ended stages, 

able resistors or potentiometers which or class A, class AB, or class B 

function as volume or tone Controls, push-pull stages. A simple class A 
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single-ended power amplifier is 
shown in Fig. 43. Component values 
which will provide thè desired power 
output can be calculated from thè 
transistor characteristics and thè 
supply voltage. For example, an out¬ 
put of four watts may be desired 
from a circuit operating with a sup¬ 
ply voltage of 14.5 volts (this volt¬ 
age is normally available in auto- 
mobiles which have a 12-volt ignition 


The current through resistor Ra 
is about 10 to 20 per cent of thè col- 
lector current; a typical value is 15 
per cent of 0.6, or 90 milliamperes. 

The voltage from base to ground 
is equal to thè base-to-emitter volt¬ 
age (determined from thè transistor 
transfer-characteristics curves for 
thè desired collector or emitter cur¬ 
rent; normally about 0.4 volt for an 
emitter current of 600 milliamperes) 



Figure 43. Class A power-amplifier circuit. 


System). If losses are assumed to be 
negligible, thè power output (PO) 
is equal to thè peak collector volt¬ 
age (e c ) times thè peak collector 
current (i c ), both divided by thè 
square root of two tó obtain rms 
values. The peak collector current 
can then be determined as follows: 


PO = —X -2=r 

V2 V2 

i. = PO(V2) X ^ 
e 0 

- 4V? 

= 0.55, or approximately 
0.6 ampere. 


In class A Service, thè de collector 
current and thè peak collector swing 
are about thè same. Thus, thè col¬ 
lector voltage and current are 14.5 
volte and 0.6 ampere, respectively. 

The voltage drop across thè re¬ 
sistor R h in Fig. 43 usually ranges 
from 0.3 to 1 volt; a typical value of 
0.6 volt can be assumed. Because 
thè emitter current is very nearly 
equal to thè collector current (0.6 
ampere), thè value of Rb must equal 
thè 0.6-volt drop divided by thè 
0.6-ampere current, or one ohm. 


plus thè emitter-to-ground voltage 
(0.6 volt as described above), or one 
volt. The voltage across Rs, there- 
fore, is 14.5 minus 1, or 13.5 volts. 
The value of R*. must equal 13.5 di¬ 
vided by 90, or about 150 ohms. 

Because thè voltage drop across 
thè secondary winding of thè driver 
transformer Ti is negligible, thè volt¬ 
age drop across Ri is one volt. The 
current through Ri equals thè cur¬ 
rent through Rs (90 milliamperes) 
minus thè base current. If thè de 
forward current-transfer ratio (beta) 
of thè transistor selected has a typi¬ 
cal value of 60, thè base current 
equals thè collector current of 600 
milliamperes divided by 60, or 10 
milliamperes. The current through 
Ri is then 90 minus 10, or 80 milli¬ 
amperes, and thè value of Ri is 1 
divided by 80, or about 12 ohms. 

The transformer requirements are 
determined from thè ac voltages and 
eurrents in thè circuit. The peak 
collector voltage swing that can be 
used before distortion occurs as a 
result of clipping of thè output volt¬ 
age is about 13 volts. The peak col¬ 
lector current swing available before 
current cutoff occurs is thè de cur¬ 
rent of 600 milliamperes. Therefore, 
thè collector load impedance should 
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be 13 volts divided by 600 milli¬ 
amperes, or about 20 ohms, and thè 
output transformer T 2 should be de- 
signed to match a 20-ohm primary 
impedance to thè desired speaker im- 
pedance. If a 3.2-ohm speaker is 
used, for example, thè impedance 
values for T 2 should be 20 ohms to 
3.2 ohms. 

The total input power to thè circuit 
of Fig. 43 is equal to thè voltage 
required across thè secondary wind- 
ing of thè driver transformer Ti 
times thè current. The driver signal 
current is equal to thè base cur¬ 
rent (10 milliamperes, or 7 milliam- 
peres rms). The peak ac signal volt¬ 
age is thè sum of thè base-to-emitter 
voltage across thè transistor (0.4 
volt as determined above), plus 
thè voltage across Re (0.6 volt), 
plus thè peak ac signal voltage 
across Ri (1.0 milliampere times 12 
ohms, or 0.12 volt). The input volt¬ 
age, therefore, is about one volt 
peak, or 0.7 volt rms. Thus, thè total 
ac input power required to produce 
an output of 4 watts is 0.7 volt 
times 7 milliamperes, or 5 milliwatts, 
and thè input impedance is 0.7 volt 
divided by 7 milliamperes, or 100 
ohms. 

Higher power output can be 
achieved with less distortion in class 
A Service by thè use of a push-pull 
circuit arrangement. One of thè dis- 
advantages of a transistor class A 
amplifier (single-ended or push-pull), 
however, is that collector current 
flows at all times. As a result, tran¬ 
sistor dissipation is highest when no 
ac signal is present. This dissipation 
can be greatly reduced by use of 
class B push-pull operation. When 
two transistor are connected in 
class B push-pull, one transistor 
amplifìes half of thè signal, and thè 
other transistor amplifìes thè other 
half. These half-signals are then 
combined in thè output circuit to re- 
store thè originai waveform in an 
amplified state. 

Ideally, transistors used in class B 
Service should be biased to collector 
cutoff so that no power is dissipated 
under zero-signal conditions. At low 
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Figure 45. Class B push-pull audio-amplifier circuit. 


signal inputs, however, thè resulting 
signal would be distorted, as shown 
in Fig. 44, because of thè low for- 
ward current-transfer ratio of thè 
transistor at very low currents. This 
type of distortion, called cross-over 


OUTPUT 

COLLECTOR 

CURRENT 



Figure 44. Waveforms showìng cause of 
cross-over distortion. 


distortion, can be suppressed by thè 
use of a bias which permits a small 
collector current flow at zero signal 
level. Any residuai distortion can be 
further reduced by thè use of nega¬ 
tive feedback. 

A typical class B push-pull audio 
amplifier is shown in Fig. 45. Re- 
sistors Rei and Re* are thè emitter 
stabilizing resistors. Resistors Ri 
and R 2 form a voltage-divider net¬ 
work which provides thè bias for thè 
transistors. The base-emitter circuit 
is biased near collector cutoff so that 
very little collector power is dissi¬ 
pated under no-signal conditions. 
The characteristics of thè bias net¬ 
work must be very carefully chosen 
so that thè bias voltage will be just 
sufficient to minimize cross-over dis¬ 
tortion at low signal levels. Because 
thè collector current, collector dissi¬ 
pation, and de operating point of a 
transistor vary with ambient tem¬ 
perature, a temperature-sensitive re¬ 
sistor (such as a thermistor) or a 
bias-compensating diode may be 
used in thè biasing network to mini¬ 


mize thè effect of temperature 
variations. 

The advantages of class B opera- 
tion can be obtained without thè need 
for an output transformer by use 
of a single-ended class B circuit such 
as that shown in Fig. 46. In this cir¬ 
cuit, thè secondary windings of thè 
driver transformer Ti are phased so 
that a positive signal from base to 
emitter of one transistor is accom- 
panied by a negative signal from 
base to emitter of thè other tran¬ 
sistor. When a positive signal is ap- 
plied to thè base of transistor Qi, 
for example, Qi draws current. This 
current must flow through thè 
speaker because thè accompanying 
negative signal on thè base of tran¬ 
sistor Q 2 cuts Q 2 off. When thè sig¬ 
nal polarity reverses, transistor Qi 


is cut off, whlle Q 2 conducts current. 
The resistive dividerà Ril^ and R 3 Rì 
provide a de bias which keeps thè 
transistors slightly above cutoff un¬ 
der no-signal conditions and thus 
minimizes cross-over distortion. The 
emitter resistors Rm and R H2 help to 
compensate for differences between 
transistors and for thè effeets of 
ambient-temperature variations. 

The secondary windings of any 
class B driver transformer should be 
bifilar-wound (i.e., wound together) 
to obtain tighter coupling and 
thereby minimize leakage induct- 
ance. Òtherwise, “ringing” may oc- 
cur in thè cross-over region as a 
result of thè energy stored in thè 
leakage inductance. 

Because junction transistors can 
be made in both p-n-p and n-p-n 



Figure 46. Single-ended class B circuit. 
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types, they can be used in comple- 
mentary-symmetry circuits to obtain 
all thè advantages of conventional 
push-pull amplifìers plus direct cou- 
pling. The arrows in Fig. 47 indicate 
thè direction of electron current flow 



Figure 47. Electron-current flow in p-n-p 
and n-p-n transistors. 


in thè terminal leads of p-n-p and 
n-p-n transistors. When these two 
transistors are Connected in a single 
stage, as shown in Fig. 48, thè de 
electron current path in thè output 
circuit is completed through thè col- 
lector-emitter circuits of thè tran¬ 
sistors. In thè circuits of Figs. 45 



Figure 48. Basic complementary-symmetry 
Circuit. 

and 48, essentially no de current 
flows through thè load resistor Rl. 
Therefore, thè voice coil of a loud- 
speaker can be connected directly in 
place of Rl without excessive speaker 
cone distortion. 

A phase inverter is a type of class 
A amplifier used when two out-of- 
phase outputs are required. In thè 
split-load phase-inverter stage shown 
in Fig. 49, thè output current of 
transistor Qi flows through both thè 
collector load resistor R 4 and thè 
emitter load resistor R 3 . When thè 
input signal is negative, thè in- 
creased output current causes thè 
collector side of resistor R* to be- 
come more positive and thè emitter 
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side of resistor Rg to become more 
negative with respect to ground. 
When thè input signal is positive, 
thè output current decreases and op- 
posite voltage polarities are estab- 
lished across resistors R 3 and R 4 . 
Thus, two output signals are pro- 
duced which are 180 degrees out of 
phase with each other. This circuit 
provides thè 180-degree phase rela- 
tionship only when each load is re¬ 
sistive throughout thè entire signal 
swing. It is not suitable, therefore, 
as a driver stage for a class B out¬ 
put stage. 


PHASE 



Tuned Amplifìers 

In transistor radio-frequency (rf) 
and intermediate-frequency (if) am¬ 
plifìers, thè bandwidth of frequencies 
to be amplified is usually only a 
small percentage of thè center fre- 
quency. Tuned amplifìers are used 
in these applications to select thè 
desired bandwidth of frequencies and 
to suppress unwanted frequencies. 
The selectivity of thè amplifier is 
obtained by means of tuned inter- 
stage coupling networks. 

The properties of tuned amplifìers 
depend upon thè characteristics of 
resonant circuits. A simple parallel 
resonant circuit (sometimes called a 
“tank” because it stores energy) is 
shown in Fig. 50. For practical pur- 
poses, thè resonant frequency of such 
a circuit may be considered inde- 
pendent of thè resistance R, provided 
R is small compared to thè inductive 
reactance X L . The resonant fre¬ 
quency f r is then given by 

f * = 2 XV /LC 


For any given resonant frequency, 
thè product of L and C is a Constant; 
àt low' frequencies LC is farge; at 
high frequencies it is small. 



Figure 50. Simple parallel resonant circuit. 


The Q (selectivity) of a parallel 
resonant circuit alone is thè ratio of 
thè current in thè tank (Il or Io) to 
thè current in thè line (I). This un- 
loaded Q, or Q 0 , may be expressed 
in various ways, for example: 


Qo 



Xl ■_ Z 
R X c 


where X L is thè inductive reactance 
(= 27 rfL), X c is thè capacitive re¬ 
actance ( = l/[2?rfC] ), and Z is thè 
total impedance of thè parallel reso¬ 
nant circuit (tank). The Q varies 
inversèly with thè resistance of thè 
inductor. The lower thè resistance, 
thè higher thè Q and thè greater thè 
difference between thè tank imped¬ 
ance at frequencies off resonance 
compared to thè tank impedance at 
thè resonant frequency. 

The Q of a tuned interstage cou¬ 
pling network also depends upon thè 
impedances of thè preceding and fol- 
lowing stages. The output impedance 
of a transistor can be considered as 
consisting of a resistance R 0 in par¬ 


allel with a capacitance Co, as shown 
in Fig. 51. Similarly, thè input im¬ 
pedance can be considered as consist¬ 
ing of a resistance Ri in parallel 
with a ;capàcitance Ci. Because thè 
tuned circuit is shunted by both thè 
output impedance of thè preceding 
transistor and thè input impedance 
of thè following transistor, thè ef- 
fective selectivity of thè circuit is 
thè loaded Q (or Ql) based upon 
thè total impedance of thè coupled 
network, as follows: . 

r\ _ Z (total loading on coil) 

" Xl or Xc. ; . ' . 

The capacitances Co and Ci in Fig. 
51 are usually considered as part of 
thè coupling network. For example, 
if thè required capacitance between 
terminals 1 and 2 of thè coupling 
network is calculated to be 500 pico- 
farads and thè value of Co is 10 
picofarads, a capacitor of 490 pico- 
farads is used between terminals 1 
and 2 so that thè total capacitance is 
500 picofarads. The same method is 
used to allow for thè capacitance Ci 
at terminals 3 and 4. 

When a tuned resonant circuit in 
thè primary winding of a trans- 
former is coupled to thè nonresonant 
secondairy winding of' thè trans- 
former, as shown in Fig. 52, thè ef- 
fect of thè input impedance of thè 
following stage on thè Q of thè tuned 
circuit can be determined by con- 
sidering thè values reflected (or re- 
ferred) to thè primary circuit by 
transformer action. The reflected re¬ 
sistance ri is equal to thè resistance 
Ri in thè secondary circuit times thè 
square of thè effective turns ratio 
between thè primary and secondary 
windings of thè transformer T : 


OUTPUT OF 
PRECEDING 
TRANSISTOR 


INPUT. OF 

COUPLING FOLLOWING 

NETWORK TRANSISTOR 



Figure 51. Equivalent output and input circuits of transistors 
connected by a coupling network. 
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Figure 52. Equivalerti cfrcurt for transformer- 
coupling network havfng tuned prima ry 
winding. 

Ti = Ri (Ni/Na) 3 

where N*/Na represents thè electrical 
tums ratio between thè primary 
winding and thè secondary winding 
of T. If there is capacitance in thè 
secondary circuit (C s ), it is reflected 
to thè primary circuit as a capaci¬ 
tante C*p, and is given by 

C B p = Cp -5- (Ni/Na ) 5 

The loaded Q, or Q L , is then calcu- 
lated on thè basis of thè inductance 
Lp, thè total shunt resistance (Ro 
plus ri plus thè tuned-circuit im- 
pedance Z t = Q 0 X e = Q 0 X L ), and 
thè total capacitance (C p + Csp) in 
thè tuned circuit. 

Fig. 53 shows a coupling network 
which consiste of a single-tuned cir¬ 
cuit using magnetic or mutuai in- 
ductive coupling. The capacitance Ct 
includes thè effects of both thè out¬ 
put capacitance of thè preceding 
transistor and thè input capacitance 
of thè following transistor (referred 
to thè primary of transformer Ti). 



Figure 53. Single-tuned coupling network 
using inductive coupling. 


The bandwidth, or effective frequency 
range, of a single-tuned transformer 
is determined by thè half-power 
points on thè resonance curve (—3 
db or 0.707 down from thè maxi¬ 
mum). Under these conditions, thè 
band pass Af is equal to thè ratio 
of thè center or resonant frequency 
f r divided by thè loaded (effective) 
Q of thè circuit, as follows: 


Af = f T /Q L 

The inherent internai feedback in 
transistors can cause instability and 
oscillation as thè gain of an amplifier 
stage is increased (i.e., as thè load 
and source impedances are increased 
from zero to matched conditions). 
At low frequencies, therefore, where 
thè potential gain of transistors is 
high, it is often desirable to keep 
thè transistor load impedance low. 
Relatively high capacitance values in 
thè tuned collector circuit can then 
be avoided by use of a tap on thè 
primary winding of thè coupling 
transformer, as shown in Fig. 54. At 
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Figure 54. Transformer coupling network 
using tap on primary winding. 


higher frequencies, thè gain poten¬ 
tial of thè transistor decreases, and 
impedance matching is permissible. 

External feedback circuita are 
often used in tuned coupling net- 
works to counteract thè effects of 
thè internai transistor feedback and 
thus provide more gain or more 
stable performance. If thè external 
feedback circuit cancels thè effects 
of both thè resistive and thè reac- 
tive internai feedback, thè amplifier 
is considered to be unilateralized. If 
thè external circuit cancels thè effect 
of only thè reactive internai feed¬ 
back, thè amplifier is considered to 
be neutralized. 

A typical tuned amplifier using 
neutralization is shown in Fig. 55. 
The input signal to thè transistor 
is an if carrier (e.g., 455 kilocycles) 
amplitude-modulated by an audio 
signal. Capacitor Ci and thè primary 
winding of transformer Ti form a 
parallel-tuned circuit resonant at 
455 kilocycles. Transformer Tj 
couples thè signal power from thè 
previous stage to thè base of thè 
transistor. Resistor R 3 provides for- 
ward bias to thè transistor. Capaci- 
tor C 3 provides a low-impedance path 



Figure 55. Neutralized rf-amplifier and second-detector circurt. 


for thè 455-kilocyclè signal from thè 
input tuned circuit to thè emitter. 
Resistor Rs, which is bypassed for 
455 kilocycles by capacitor C 4 , is 
thè emitter de stabilizing resistor. 
The amplified signal from thè tran¬ 
sistor is developed across thè par- 
allel resonant circuit (tuned to 455 
kilocycles) formed by capacitor Ca 
and thè primary winding of trans¬ 
former T 2 , and is coupled by T 2 to 
thè crystal-diode second detector CR. 

Voltage at thè intermediate fre¬ 
quency is taken from thè secondary 
winding of thè single-tuned output 
circuit and applied to thè base of 
thè transistor through thè feedback 
(neutralizing) capacitor C 6 . Because 
of thè phase reversai in thè common- 
emitter configuration, this external 
feedback is out of phase with thè 
input from thè if amplifier, and can¬ 
cels thè in-phase reactive feedback 
in thè transistor due to thè internai 
capacitance between thè collector 
and thè base. 

The rectified output of thè crystal 
diode CR is filtered by capacitor C 7 
and resistor R 4 so that thè voltage 
across capacitor C 7 consists of an 
audio signal and a de voltage (posi¬ 
tive with respect to ground for thè 
arrangement shown in Fig. 55) that 
is directly proportional to thè am- 
plitude of thè if carrier. This de 


voltage is fed back to thè emitter of 
thè transistor through thè resistor 
Ri to provide automatic gain control. 
Resistor Ri and capacitor C 2 form 
an audio decoupling network to pre- 
vent audio feedback to thè base of 
thè transistor. 

Automatic gain control (agc) is 
often used in rf and if amplifiers in 
AM radio and television receivers to 
provide lower gain for strong sig- 
nals and higher gain for weak sig- 
nals. The de component of thè 
second-detector Output, which is di¬ 
rectly proportional to thè strength 
of thè signal carrier received, can 
be used to vary either thè de emitter 
current or thè collector voltage of a 
transistor to provide agc. Fig. 56 
shows typical curves of power gain 
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Figure 56. Power gain as a function of 
emitter current. 
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as a function of emitter current for 
a 455-kilocycle amplifìer using either 
common-base or common-emitter 
confìguration. 

In high-frequency tuned ampli- 
fiers, where thè input impedance is 
typically low, mutuai inductive coup- 
ling may be impracticable because 
of thè small number of tums in thè 
secondary winding. It is extremely 
difficult in practice to construct a 
fractional part of a turn. In such 
cases, capacitance coupling may bé 
used, as shown in Fig. 57. This ar¬ 
rangement, which is also called 
capacitive division, is similar tq 
tapping down on a coil near reso- 
nance. Impedance transformation in 
this network is determined by thè 
ratio between capacitors Ci and C*. 
Capacitor Ci is normally much 
small er than C*; thus thè capacitive 
reactance Xoi is normally much larger 


both thè resonant Circuit in thè in¬ 
put of thè coupling network and thè 
resonant circuit in thè output are 
tuned to thè same resonant fre- 
quency. In “stagger-tuned” net- 
works, thè two resonant circuits are 
tuned to slightly different resonant 
frequencies tó provide a more rec- 
tangular band pass. Double-tuned or 
stagger-tuned networks may use ca¬ 
pacitive, inductive, or mutuai induct- 
ance coupling, or any combination of 
thè three. 

Cross-modulation fe an important 
consideration in thè evaluation of 
transistorized tuner circuits. This 
phenomenon, which occurs primarily 
in nonlinear systems, can be defìned 
as thè transfer of modulation from 
an interfering carrier to thè desired 
carrier. In generai, thè value of 
cross-modulation is independent of 
both thè semiconductor material and 
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Figure 57. Single-tuned coupling network using capacitive division. 


than Xc 2 . Provided thè input resist- 
ance of thè following transistor is 
much greater than X C2 , thè effective 
turns ratio from thè top of thè coil 
to thè input of thè following tran¬ 
sistor is (Ci + Ca)/Gi. The total ca¬ 
pacitance C t àcross thè inductance L 
is given by 


The resonant frequency f r is then 
given by 


; 2WUCt 

Double-tuned interstage coupling 
networks are often used in prefer- 
ence to single-tuned networks to 
provide flatter frequency response 
within thè desired pass band and a 
sharper drop in responso imme- 
diately adjacent to thè ends of thè 
pass band. In double-tuned networks, 


thè construction of thè transistor. 
At low frequencies, cross-modulation 
is also independent of thè amplitude 
of thè desired carrier, but varies as 
thè square of thè amplitude of thè 
interfering signal. 

In most rf circuits, thè undesir- 
able effects of cross-modulation can 
be minimized by good selectivity in 
thè antenna and rf interstage coils. 
Minimum cross-modulation can best 
be achieved by use of thè optimum 
circuit Q with respect to bandwidth 
and tracking considerations, which 
implies minimum loading of thè tank 
circuits. 

In rf circuits where selectivity is 
limitéd by thè low unloaded Q’s of 
thè coils being used, improvéd cross- 
modulation can be obtained by mis- 
matching thè antenna circuit (that 
is, selecting thè antenna primary- 
to-secondary turns ratio such that 
thè reflected antenna impedance at 
thè base of thè rf amplifìer is very 


low compared to thè input imped¬ 
ance). This technique is commonly 
used in automobile receivers, and 
causes a slight degradation in noise 
figure. At high frequencies, where 
low source impedancès are difficult 
to obtain because of lead inductance 
or thè impracticality of putting a 
tap on a coil having one or two turns, 
an unbypassed emitter resistor hav¬ 
ing a low value of resistance (e.g. 
22 ohms) may be used to obtain thè 
same effect. 

Cross-modulation may occur in 
thè mixer or rf amplifìer, or both. 
Accordingly, it is important to ana- 
lyze thè entire tuner as well as thè 
individuai stages. Cross-modulation 
is also a function of agc. At low- 
sensitivity conditions where thè rf 
stage is operating at maximum gain 
and thè interfering signal is far 
removed from thè desired signal, 
cross-modulation occurs primarily in 
thè rf stage. As thè desired signal 
level increases and reverse agc is 
applied to thè rf stage, thè rf tran¬ 
sistor eventually becomes passive 
and provides improved cross-modula¬ 
tion. If thè interfering signal is 
dose to thè desired signal, it is thè 
rf gain at thè undesired signal fre¬ 
quency which determines whether 
thè rf stage or mixer stage is thè 
prime contribution of cross-modula¬ 
tion. For example, at low-signal 
levels, it is possible that thè rf stage 
gain (including attenuation) at thè 
undesired frequency is greater than 
unity. In this case, thè undesired 
signal at thè mixer input is larger 
than that at thè rf input; thus thè 
contribution of thè mixer is appre- 
ciable. Intermediate and high signal 
conditions may be analyzed similarly 
by considering rf agc. 


Direct-Coupled Amplifìers 

Direct-coupled amplifìers are nor¬ 
mally used in transistor circuits to 
amplify small de or very-low-fre- 
quency ac signals. Typical applica¬ 
tion of such amplifìers include thè 
output stages of series-type and 
shunt-type regulating circuits, 


chopper-type circuits, differential 
amplifìers, and pulse amplifìers. 

In series regulator circuits such as 
that shown in Fig. 58, direct-coupled 
amplifìers are used to amplify an 



Figure 58. Typical series regulator circuit. 

error or difference signal obtained 
from a comparison between a por- 
tion of thè output voltagé and a 
reference source. The reference- 
voltage source V K is placed in thè 
emitter circuit of thè amplifìer tran¬ 
sistor Qi so that thè error or differ¬ 
ence signal between V K and some 
porti on of thè output voltage Vo is 
developed and amplified. The ampli- 
fiéd error signal forms thè input to 
thè regulating element consisting of 
transistors Q 2 and Q 3 , and thè out¬ 
put from thè regulating element de- 
velops a controlling voltage across 
thè resistor Ri. 

Shunt regulator circuits are not as 
efficient as series regulator circuits 
for most applications, but they have 
thè advantage of greater simplicity. 
In thè shunt voltage regulator cir¬ 
cuit shown in Fig. 59, thè current 
through thè shunt element consisting 
of transistors Qi and Q 2 varies with 
changes in thè load current or thè 
input voltage. This current variation 
is reflected across thè resistance Ri 
in series with thè load so that thè 
output voltage Vo is maintained 
nearly Constant. 
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Figure 59. Typical shurrt regulator Circuit. 

Direct-coupled amplifìers are also 
used in chopper-type circuits to am- 
plify low-level de signals, as illu- 
strated by thè block diagram in Fig. 
60. The de signal modulates an ac 
carrier wave, usually a square wave, 
and thè modulated wave is then am- 
plifìed to a convenient level. The 
series of amplified pulses can then 
be detected and integrated into thè 
desired de output signal. 

Differential amplifìers can be used 
to provide voltage regulation, as 
described above, or to compensate 
for fìuctuations in current due to 
signal, component, or temperature 
variations. Typical differential am- 
plifìer elements such as those shown 
in Fig. 61 include an output stage 
which supplies current to thè load 
resistor R, and thè necessary num- 
ber of direct-coupled cascaded stages 
to provide thè required amount of 
gain for a given condition of line- 
voltage or load-current regulation. 
The reference-voltage source Ve is 
placed in one of thè cascaded stages 
in such a manner that an error or 
difference signal between V K and 
some portion of thè output voltage 
Vo is developed and amplified. Some 
form of temperature compensation 


is usually included to insure stabil- 
ity of thè direct-coupled amplifier. 


OSCILLATION 

Transistor oscillator circuits are 
similar in many respeets to thè tuned 
amplifìers discussed previously, ex- 
cept that a portion of thè output 
power is returned to thè input net¬ 
work in phase with thè starting 
power (regenerative or positive feed¬ 
back) to sustain oscillation. 

DC bias-voltage requirements for 
oscillators are similar to those dis¬ 
cussed for amplifìers. Stabilization 
of thè operating point is important 
because this point affeets both thè 
output amplitude and waveform and 
thè frequency stability. Operation is 
normally maintained within thè lin¬ 
ear portion of thè transistor char- 
acteristic by use of a Constant supply 
voltage. Because thè collector-to- 
emitter capacitance of thè transistor 
affeets frequency stability more than 
other parameters, a relatively large 
stabilizing capacitor is often used 
between thè collector and emitter 
terminals to reduce thè sensitivity 
of thè circuit to voltage variations 
and to capacitance variations be¬ 
tween transistore. 

The maximum operating frequency 
of an oscillator circuit is limited by 
thè frequency capability of thè tran¬ 
sistor used. The maximum frequency 
of a transistor is defined as thè fre¬ 
quency at which thè power gain is 
unity (i.e., an input signal appears 
in thè output circuit at thè same 
level, with no loss or gain). Because 
some power gain is required in an 



Figure 60. Block diagram showing action of “chopper” circuito 




Figure 61. Typical differential amplffier 
circuits. 

oscillator circuit to overcome losses 
in thè feedback network, thè oper¬ 
ating frequency must be some value 
below thè transistor maximum fre¬ 
quency. 

The transistor configuration se- 
lected for an oscillator circuit de- 
pends on thè oscillator requirements. 
With thè common-base and common- 
collector configurations, thè feedback 
network must include compensation 
for thè difference between thè input 
and output impedances. Phase inver- 
sion is not required, however, be¬ 
cause no phase reversai occurs 
between input and output in these 
circuits. Voltage and power gains 
are greater than unity with thè 
common-base circuit, but current 
gain is less than unity. Current and 
power gains are greater than unity 
with thè common-collector circuit, 
but voltage gain is less than unity. 

With thè common-emitter configu¬ 
ration, current, voltage, and power 


gains are all greater than unity, 
This configuration is generally desìr- 
able for use in transistor oscillators 
because it provides highest power 
gains. The input and output im¬ 
pedances are more closely matched 
than in thè other configurations, but 
phase inversion is necessary to com¬ 
pensate for thè 180-degree phase 
reversai between input and output 
circuits. (The phase inversion re¬ 
quired in a common-emitter oscillator 
may be less than 180 degrees, depend- 
ing on thè operating frequency of thè 
circuit. The transistor develops a cer- 
tain amount of phase shift as thè 
frequency increases, usually in thè 
order of 45 degrees at thè beta- 
cutoff frequency and about 90 de¬ 
grees at thè gain-bandwidth product. 
The feedback network is required to 
supply only enough phase inversion 
to produce a net phase shift of 360 
degrees around thè entire loop.) 

For sustained oscillation in a tran¬ 
sistor oscillator, thè power gain of 
thè amplifier network must be equal 
to or greater than unity. When thè 
amplifier power gain becomes less 
than unity, oscillations become 
smaller with time (are “damped”) 
until they cease to exist. In practi- 
cal oscillator circuits, power gains 
greater than unity are required be¬ 
cause thè power output is divided 
between thè load and thè feedback 
network, as shown in Fig. 62. The 
feedback power must be equal to thè 
input power plus thè losses in thè 
feedback network to sustain oscilla¬ 
tion, For example, if thè power gain 
of thè transistor amplifier is 50 and 
thè input power is 2 milliwatts, thè 
total output power is 100 milliwatts. 
If thè losses in thè feedback net¬ 
work equal 20 milliwatts, thè feed¬ 
back power must be 2 plus 20, or 22 
milliwatts. The power delivered to 
thè load is then 100 minus 22, or 78 
milliwatts. 

LC Resonant Feedback Oscillators 

The frequency-determining ele¬ 
ments of an oscillator circuit may 
consist of an inductance-capacitance 
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Figure 62. Block diagram of transistor oscillator showing division £>f output power. 

(LC) network, a crystal, or a resist- (3-4 to 1-2). A point (Y) is reached, 
ànce-capacitance (RC) network. Fig. however, at which thè collector-base 
63a shows a simplified diagram for a junction of thè transistor becomes 
transistor oscillator which uses a forward-biased (thè transistor is 

“tickler” coìl Li for indnctive feed- saturated), and collector current can 

back. (DO bias circuits are omitted no longer increase. The feedback 
for simplicity; as in thè case of am- current then reverses, and emitter 
plifiers, thè emitter-base junction is and collector current decrease (be- 
forward-biased and thè collector- tween points Y and Z) until thè 

base junction is reverse-biased.) emitter-base junction becomes re- 

The waveforms. of ac (instantan- verse-biased (thè transistor is cut 

eous) emitter current i e and collector off). The bias conditions then revert 

current i c are shown in Fig. 63b. to their originai state, and thè proc- 

When thè bias conditions of thè ess is repeated. The time for change 
transistor are normal and input from saturation to cutoff is deter- 
power is applied, current flow in thè mined primarily by thè tuned circuit 
Circuit increases (between points X (tank), which, in turn, determines 
and Y in Fig. 63b) as a result of thè thè frequency of oscillation. 
regenerative feedback coupled from When thè common-emitter con- 
the collector circuit to thè emitter figuration is used, thè tuned circuit 

circuit by thè transformer windings may be placed in either thè base 


Y 



x z 


TIME —> 

(a) (b) 

Figure 63. (a) Simplified transistor LC oscillator.and (b) corresponding current wayefohns. 
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circuit or thè collector circuit. In thè 
tuned-base oscillator shown in Fig. 
64, one battery is used to provide all 
thè de operating voltages for thè 
transistor. Resistors Ri, IL, and IL 
provide thè necessary bias condi¬ 
tions. Resistor IL is thè emitter 
stabilizing resistor. The components. 


emitter stabilizing resistor. Capaci- 
tors Ci and C 2 bypass ac around 
resistors Ri and Ra, respectively. Al- 
though a series-feed arrangement is 
shown, a shunt-feed arrangement is 
also possible with slight circuit 
modifications. The shunt-feed circuit 
would be almost identical with thè 



Figure 64. Tuned-base oscillator. 


within thè dotted lines comprise thè 
transistor amplifier. The collector 
shunt-feed arrangement prevents de 
current flow through thè tickler 
(primary) winding of transformer 
T. Feedback is accomplished by thè 
mutuai inductance between thè trans¬ 
former windings. 

The tank circuit consisting of thè 
secondary winding of transformer T 
and variable capacitor Ci is thè fre- 
quency-determining element of thè 
oscillator. Variable capacitor Ci per- 
mits tuning through a range of fre- 
quencies. Capacitor (L couples thè 
oscillation signal to thè base of thè 
transistor, and also blocks de. Ca¬ 
pacitor Ct bypasses thè ac signal 
around thè emitter resistor R 3 and 
prevents degeneration. The output 
signal is coupled from thè collector 
through coupling capacitor C B to thè 
load. 

A tuned-collector transistor oscil¬ 
lator is shown in Fig. 65. In this 
circuit, resistors Ri and R 3 establish 
thè base bias. Resistor IL is thè 


one shown in thè tuned-base oscil¬ 
lator in Fig. 64, except for thè loca¬ 
tion of thè tank circuit. The tuned 
circuit consists of thè primary wind¬ 
ing of transformer T and thè var¬ 
iable capacitor C 3 . Regeneration is 
accomplished by coupling thè feed¬ 
back signal from transformer wind¬ 
ing 3-4 to thè tickler coil winding 



Figure 65. Tuned-collector oscillator. 
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1-2. The secondary winding of thè 
transformer couples thè signal out¬ 
put to thè load. 

Another form of LC resonant 
feedback oscillator is thè transistor 
version of thè familiar Colpitts os¬ 
cillator, shown in Fig. 66. Regenera- 



Figure 66. Transistor Colprtts oscillator. 

tive feedback is obtained from thè 
tuned circuit consisting of capacitors 
C 3 and G in parallel with tne pri- 
mary winding of thè transformer, 
and is applied to thè emitter of thè 
transistor. Base bias is provided by 
resistors R 2 and Ra. Resistor R* is 
thè collector load resistor. Resistor 
Ri develops thè emitter input signal 
and al so acts as thè emitter stabiliz- 
ing resistor. Capacitors G and G 
form a voltage divider; thè voltage 
developed across G is thè feedback 
voltage. The frequency and thè 
amount of feedback voltage can be 
controlled by adjustment of either 
or both capacitors. For minimum 
feedback loss, thè ratio of thè ca¬ 
pacitive reactance between G and 
Gì should be approximately equal to 
thè ratio between thè output imped- 
ance and thè input impedance of thè 
transistor. 

A Clapp oscillator is a modifìca- 
tion of thè Colpitts circuit shown in 
Fig. 66 in which a capacitor is added 
in series with thè primary winding 
of thè transformer to improve fre¬ 
quency stability. When thè added 
capacitance is small compared to 
thè series capacitance of G and C 4 , 
thè oscillator frequency is deter- 
mined by thè series LC combination 
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of thè transformer primary and thè 
added capacitor. 

The Hartley oscillator shown in 
Fig. 67 is similar to thè Colpitts 
oscillator, except that a split induct- 
ance is used instead of a split ca¬ 
pacitance to obtain feedback. The 
circuit in Fig. 67 is modified for push- 
pull operation to provide greater 
output. The regenerative signal is 
applied between base and emitter of 
each transistor by means of thè in- 
duced voltages in thè transformer 
windings 1-3 and 4-6. After thè 
feedback signal is applied to trans¬ 
former winding 1-3, circuit opera¬ 
tion is similar to that of a push-pull 
amplifier. Capacitor Ci places ter¬ 
minal 2 of thè transformer at ac 
ground potential through capacitor 

G. 



Crystal Oscillatore 

A quartz crystal is often used 
as thè frequency-determining ele- 
ment in a transistor oscillator circuit 
because of its extremely high Q (nar¬ 
ro w bandwidth) and good frequency 
stability over a given temperature 
range. A quartz crystal may be 
operated as either a series or paral¬ 
lel resonant circuit. As shown in Fig. 
68, thè electrical equivalent of thè 


Transistor Applications 

mechanical vibrating characteristic 
of thè crystal can be represented by 
a resistance R, an inductance L, 
and a capacitance C 8 in series. The 
lowest impedance of thè crystal oc- 
curs at thè series resonant frequency 
of C 8 and L; thè resonant frequency 
of thè circuit is then determined 
only by thè mechanical vibrating 
characteristics of thè crystal. 

The parallel capacitance Cp shown 
in Fig. 68 represents thè electro- 
static capacitance between thè crystal 
electrodes. At frequencies above thè 



Figure 68. Equivalerti circuit of quartz 
crystal. 

series resonant frequency, thè com¬ 
bination of L and G has thè effect 
of a net inductance because thè in- 
ductive reactance of L is greater 
than thè capacitive reactance of G. 
This net inductance forms a parallel 
resonant circuit with C P and any cir¬ 
cuit capacitance across thè crystal. 
The impedance of thè crystal is 
highest at thè parallel resonant fre¬ 
quency; thè resonant frequency of 
thè circuit is then determined by 
both thè crystal and externally con- 
nected circuit elements. 

Increased frequency stability can 
be obtained in thè tuned-collector 
and tuned-base oscillators discussed 
previously if a crystal is used in thè 
feedback path. The oscillation fre¬ 
quency is then fixed by thè crystal. 
At frequencies above and below thè 
series resonant frequency of thè crys¬ 
tal, thè impedance of thè crystal in- 
creases and thè feedback is reduced. 
Thus, oscillation is prevented at fre¬ 
quencies other than thè series reso¬ 
nant frequency. 

The parallel mode of crystal reso- 
nance is used in thè Pierce oscillator 
shown in Fig. 69. (If thè crystal 
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Figure 69. Pierce-type transistor crystai 
oscillator. 


were replaced by its equivalent Cir¬ 
cuit, thè functioning of thè oscillator 
would be analogous to that of thè 
Colpitts oscillator shown in Fig. 67.) 
The resistances shown in Fig. 69 pro¬ 
vide thè proper bias and stabilizing 
conditions for thè common-emitter 
circuit. Capacitor Ci is thè emitter 
bypass capacitor. The required 180- 
degree phase inversion of thè feed¬ 
back signal is accomplished through 
thè arrangement of thè voltage- 
divider network G and Cs. The con¬ 
nection between thè capacitors is 
grounded so that thè voltage de¬ 
veloped across G is applied between 
base and ground and 180-degree 
phase reversai is obtained. The oscil- 
lating frequency of thè circuit is de¬ 
termined by thè crystal and thè 
capacitors connected in parallel with 
it. 

RC Resonant Feedback Oscillators 

A resistance-capacitance (RC) net¬ 
work is sometimes used in place of 
an inductance-capacitance network 
when phase shift is required in a 
transistor oscillator. In thè phase- 
shift oscillator shown in Fig. 70, thè 
RC network consists of three sec- 
tions (C 1 R 1 , C 2 R 2 , and GRa), each of 
which contributes a phase shift of 60 
degrees at thè frequency of oscilla¬ 
tion. Because thè capacitive react¬ 
ance of thè network increases or 
decreases at other frequencies, thè 
180-degree phase shift required for 
thè common-emitter oscillator occurs 
only at one frequency; thus, thè out- 
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Figure 70. Transistor RC phase-shift 
oscillator. 


put frequency of thè oscillator is 
fixed. Phase-shift oscillators may be 
made variable over particular fre¬ 
quency ranges by thè use of ganged 
variable capacitors or resistors in thè 
RC networks. More than three sec- 
tions may be used in thè phase- 
shifting networks to reduce feedback 
losses. 

An RC network is also used in thè 
Wien-bridge oscillator shown in Fig. = 
71 to prò vide a sinusoidal output. In 
this circuit, transistor Q* functions. 
as an amplifier and phase inverter. 
The feedback voltage developed be- 
tween thè collector of Cfc and ground 
is impressed across thè entire bridge 
network. The voltage developed 
across capacitor C 3 is regenerative 
(positive), and is applied to thè in¬ 
put circuit of transistor Qi. Because 
this voltage is in phase with thè 


input signal only at thè resonant 
frequency, thè magnitude of thè pos¬ 
itive feedback is reduced at other 
frequencies. 

Negative feedback (degeneration) 
is applied to thè emitter of Q* 
through resistor R? to improve fre¬ 
quency stability and to minimize dis- 
tortion. Rz normally provides greater 
negative feedback at frequencies 
other than thè resonant frequency. 
Therefore, at other frequencies thè 
negative feedback exceeds thè posi¬ 
tive feedback and a highly stable os¬ 
cillator results. 

The resonant frequency f r of thè 
oscillator is determined by capacitors 
Ci and Ca and resistors Ri and Rs, as 
f ollows : 


2 TU ""v/RiCiRsC^ 

If resistor Ri is made equal to Rs, 
and capacitor Ci to capacitor Ca, this 
expression reduces to 


2tuRiCi 

Either capacitors Ci and Ca or resis¬ 
tors Ri and R 3 may be made variable 
to provide a variable-frequency os¬ 
cillator. 

Nonsinusoidal Oscillators 

Oscillator circuits which : produce 
nonsinusoidal output wavèforms are 
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generally classified as relaxation 
oscillators. This type of oscillator 
uses a regenerative circuit in con- 
junction with resistance-capacitance 
(RC) or resistance-inductance (RL) 
components to produce a switching 
action. The charge and discharge 
times of thè reactive elements (R x 
C or h/R) are used to produce saw- 
tooth, square, or pulse output wave- 
forms. 

A multivibrator is essentially a 
nonsinusoidal two-stage oscillator in 
which one stage conducts while thè 
other is cut off until a point is 
reached at which thè conditions of 
thè stages are reversed. This type of 
oscillator is normally used to pro¬ 
duce a square-wave output. In thè 
RC-coupled common-emitter multi¬ 
vibrator shown in Fig. 72, thè output 
of transistor Qi is coupled to thè in¬ 
put of transistor Q 2 through thè 
feedback network RsC 2 , and thè out¬ 
put of Q 2 is coupled to thè input of 
Qi through thè feedback network 
R 0 C 3 . Because thè feedback in each 
case is in phase with thè signal on 
thè base electrode, oscillations can be 
sustained. 

In thè multivibrator circuit, an in¬ 
create in thè collector current of 
transistor Qi causes a decrease in 
thè collector voltage, and a corre- 
sponding reduction in thè regenera¬ 
tive feedback through capacitor C 2 to 
thè base of transistor Q 2 . As a result, 
thè current through Qa decreases 


steadily as thè current through Qi 
increases, until a point is reached 
where Q 2 is cut off. Capacitor Cz then 
discharges through resistor R 3 until 
forward bias is reestablished across 
thè base-emitter junction of Q 2 . Cur¬ 
rent through Q 2 then increases, while 
current through Qi decreases until 
Qi is cut off. The oscillating fre¬ 
quency of thè multivibrator is deter¬ 
mined by thè values of resistance 
and capacitance in thè circuit. 

The output signal is coupled 
through capacitor C e to thè load. The 
output wavef orm, which is essentially 
square, may be obtained from either 
collector. A sawtooth output can be 
obtained by connection of a capacitor 
from collector to ground. A sinusoi¬ 
dal output wave can bé obtained by 
connection of a parallel tuned circuit 
between thè base electrodes of thè 
two transistors. 

A blocking oscillator is a form of 
nonsinusoidal oscillator which con¬ 
ducts f or a short period of timé and 
is cut off (blocked) for a much longer 
period. A basic circuit for this type 
òf oscillator is shown in Fig. 73. 
Regenerative feedback through thè 
tickler-coil winding 1-2 of trans- 
former Ti and capacitor C causes 
current through thè transistor to rise 
rapidly until saturation is reached. 
The transistor is then cut off until C 
discharges through resistor R. The 
output wavef orm is a pulse, thè width 
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of which is primarily determined by 
winding 1-2. The time between pulses 
(resting or blocking time) is deter- 
mined by thè time Constant of capac¬ 
itar G and resistor R. 
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Figure 73. Basic circuit of blocking 
oscillator. 


SWITCHING 

Transistors are often used in 
pulse and switching circuits in 
radar, television, telemetering, pulse- 
cod© communication, and computing 
equipment. These circuits act as gen- 
erators, amplifiers, inverters, fre- 
quency dividers, and wave-shapers 
to provide limiting, triggering, gat- 
ing, and signal-routing functions. 
These applications are normally char- 
acterized by large-signal or nonlinear 
operation of thè transistor. 

In large-signal operation, thè tran¬ 
sistor acts as an overdriven amplifier 
which is driveii from thè cutoff region 
to thè saturation region. In thè sim- 
ple transistor-switching circuit shown 
in Fig. 74, thè collector-base junc- 
tian is reverse-biased by battery Voo 
through resistor Ra. Switch Si Con¬ 
trols thè polarity and amount of base 
current from battery Vbi or Vb*. 
When Si is in thè OFF position, thè 
emitter-base junction of thè transis¬ 
tor is reverse-biased by battery Vb* 
through thè current-limiting resistor 
Ra. The transistor is then in thè OFF 
(cutoff) state. (Normal quiescent 
conditions for a transistor switch in 
thè cutoff region require that both 
junctions be reverse-biased.) 
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When thè switch is in thè ON posi¬ 
tion, forward bias is applied to thè 
emitter-base junction by battery Vbi 
through thè current-limiting resistor 
Ri. The base current and collector 
current then increase rapidly until 
thè transistor reaches saturation. 
The active linear region is called thè 
transition region in switching opera- 
tion because thè signal passes 
through this region rapidly. 

In thè saturation region, thè col¬ 
lector current is usually at a maxi¬ 
mum and collector voltage at a 
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Figure 74. Simple switching Circuit. 

minimum. This value of collector 
voltage is referred to as thè satura¬ 
tion voltage, and is an important 
characteristic of thè transistor. A 
transistor operating in thè satura¬ 
tion region is in thè ON (conducting) 
state. (Roth junctions are forward- 
biased.) 

Regions of operation are similar 
for all transistor confìgurations used 
as switches. When both junctions of 
thè transistor are reverse-biased 
(cutoff condition), thè output current 
is very small and thè output voltage 
is high. When both junctions are 
forward-biased (saturation condi¬ 
tion), thè output current is high and 
thè output voltage is small. For most 
practical purposes, thè small output 
current in thè cutoff condition and 
thè small output voltage in thè sat- 
urated condition may be neglected. 

Switching Times 

When switch Si in Fig. 74 is 
operated in sequenee from OFF to 
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ON and then back to OFF, thè cur¬ 
rent pulses shown in Fig. 75 are ob- 
tained. The rectangular input current 



Figure 75. Current waveforms obtained in 
switching circuit. 


pulse Ib drives thè transistor from 
cutoff to saturation and back to cut¬ 
off. The output current pulse I 0 is 
distorted because thè transistor can- 
not respond instantaneously to a 
change in signal level. The response 
of thè transistor during thè rise time 
tr and thè fall time t f is called thè 
transient response, and is essentially 
determined by thè transistor char- 
acteristics in thè active linear region. 

The delay time t d is thè length of 
time that thè transistor remains cut 
off after thè input pulse is applied. 
This finite time is required before 
thè applied forward bias overcomes 
thè emitter depletion capacitance of 
thè transistor and collector current 
begins to flow. 

The rise time tr (which is also re¬ 
ferred to as build up time) is thè 
time required for thè leading edge of 
thè pulse to increase in amplitude 
from 10 to 90 per cent of its maxi¬ 
mum value. Rise time can be reduced 
by overdriving thè transistor, but 
only small amounts of overdrive are 
normally used because turn-off time 
(Storage time plus fall time) is also 
affected. 

The pulse time tp (or pulse dura- 
tion) is thè length of time that thè 
pulse remains at, or very near, its 
maximum value. Pulse time duration 
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is measured between thè points on 
thè leading edge and on thè trailing 
edge where thè amplitude is 90 per 
cent of thè maximum value. 

The Storage time ts is thè length 
of time that thè output current Io re¬ 
mains at its maximum value after 
thè input current Ib is reversed. The 
length of Storage time is essentially 
govemed by thè degree of saturation 
into which thè transistor is driven 
and by thè amount of reverse (or 
turn-off) base current supplied. 

The fall time tf (or decay time) of 
thè pulse is thè time required for thè 
trailing edge to decrease in ampli¬ 
tude from 00 to 10 per cent of its 
maximum value. Fall time may be 
reduced by thè application of a re¬ 
verse current at thè end of thè input 
pulse. 

The total turn-on time of a tran¬ 
sistor switch is thè sum of thè delay 
time and thè rise time. The total 
turn-off time is thè sum of thè Stor¬ 
age time and thè fall time. A reduc- 
tion in either Storage time or fall 
time decreases turn-off time and in- 
creases thè usable pulse repetition 
rate of thè circuit. 

Triggered Circuits 

When an externally applied signal 
is used to cause an instantaneous 
change in thè operating state of a 
transistor circuit, thè circuit is said 
to be triggered. Such circuits may 
be astable, monostable, or bistable. 
Astable triggered circuits have no 
stable state; they operate in thè 
active linear region, and produce 
relaxation-type oscillations. A mono¬ 
stable circuit has one stable state 
in either of thè stable regions (cut¬ 
off or saturation) ; an external pulse 
“triggers” thè transistor to thè other 
stable region, but thè circuit then 
switches back to its originai stable 
state after a period of time deter¬ 
mined by thè time constants of thè 
circuit elements. A bistable (flip-flop) 
circuit has two stable States in thè 
two stable regions. The transistor 
is triggered from one stable state 
to thè other by an external pulse, 
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(coupled to thè base of Q 2 through 
capacitor C 2 ) causes thè base current 
and collector current of Q 2 to de- 
crease. The increasing collector volt- 
age of Q a (coupled to thè base of Qi 
through resistor R 4 ) then increases 
thè forward base current of Qi. This 
regeneration rapidly drives transis¬ 
tor Qi into saturation and transistor 
Q 2 into cutoff. The base of transistor 
Q 2 at this point is at a negative po- 
tential almost equal to thè magni- 
tude of thè battery voltage V cc . 

Capacitor C 2 <^then discharges 
through resistor Rs and thè low sat¬ 
uration resistance of transistor Qi. 
As thè base potential of Q 2 becomes 
slightly positive, transistor Q 2 again 
conducts. The decreasing collector 
potential of Qs is coupled to thè base 
of Qi and transistor Qi is driven into 
cutoff, while transistor Q 2 becomes 
sàturated. This stablé condition is 
maintained until another pulse trig- 
gers thè circuit. The duration of thè 
output pulse is primarily determined 
by thè time Constant of capacitor Ca 
and resistor Rs during discharge. 

The Eccles-Jordan-type multivi¬ 
brator circuit shown in Fig. 77 is an 
example of a bistable circuit. The re¬ 
sistive and bias values of this circuit 
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Figure 77. Eceles-Jordan-type. bistable multivibrator. 


and a second trigger pulse is re- 
quired to switch thè circuit back to 
its originai stable state. 

The multivibrator circuit shown in 
Fig. 76 is an example of a mono- 
stable circuit. The bias network holds 
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Figure 76. Monostable multivibrator. 

transistor Q 2 in saturation and tran¬ 
sistor Qi at cutoff during thè quies- 
cent or steady-state period. When an 
input signal is applied through thè 
cóupling capacitor Ci, however, tran¬ 
sistor Qi begins to conduct. The de¬ 
creasing collector voltage of Qi 
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are chosen so that thè initial appli¬ 
cation of de power causes one tran¬ 
sistor to be cut off and thè other to 
be driven into saturation. Because of 
thè feedback arrangement, each tran¬ 
sistor is held in its originai state by 
thè condition of thè other. The appli¬ 
cation of a positive trigger pulse to 
thè base of thè OFF transistor or a 
negative pulse to thè base of thè ON 
transistor switches thè conducting 
state of thè circuit. The new condi¬ 
tion is then maintained until a sec¬ 
ond pulse triggers thè circuit back to 
thè originai condition. 

In Fig. 77, two separate inputs are 
shown. A trigger pulse at input A 
will change thè state of thè circuit. 
An input of thè same polarity at in¬ 
put B or an input of opposite polar¬ 
ity at input A will then return thè 
circuit to its originai state. (Collector 
triggering can be accomplished in a 
similar manner.) The time constants 
of C3R2 and of C 4 Rfi essentially deter¬ 
mine thè fall time (from conduction 
to cutoff) of transistors Qi and Q 2 , 
respectively. The output of thè Cir¬ 
cuit is a unit step voltage when one 
trigger is applied, or a square wave 
when continuous pulsing of thè input 
is usecL 


Gating Circuits 

A transistor switching circuit in 
which thè transistor operates as an 
effective open or short circuit is 
called a “gate”. These circuits are 
used extensively in computer appli¬ 
cation to provide a variety of func- 
tions such as circuit triggering at 
prescribed intervals and level and 
waveshape control. Because these cir¬ 


cuits are designed to evaluate input 
conditions to provide a predetermined 
output, they are primarily used as 
logie circuits. Logic circuits include 
OR, AND, NOR (NOT-OR), NAND 
(NOT-AND), series (clamping), and 
shunt or inhibitor circuits. 

An OR gate has more than one in¬ 
put, but only one output. It provides 
a prescribed output condition when 
one or another prescribed input con¬ 
dition exists. In thè simple OR gate 
shown in Fig. 78, thè high resistance 
of Ri and Ra isolates one input source 
from thè other. When a negative in¬ 
put pulse is applied at either input 
resistor, a negative output pulse is 
obtained. Application of negative 
pulses to both inputs results only in 
a widening of thè output pulse. If a 
common-emitter confìguration is used 
instead of thè common-base config- 
uration, phase inversion of thè sig¬ 
nal results, and thè OR gate becomes 
a NOT-OR (NOR) gate. 

An AND gate al so has more than 
one input, but only one output. How¬ 
ever, it provides an output only when 
all thè inputs are applied simultan- 
eously. As in thè case of thè OR 
gate, thè use of a common-emitter 
confìguration provides phase inver¬ 
sion and provides a NOT-AND 
(NAND) gate. In thè simple NAND 
gate shown in Fig. 79, forward (sat¬ 
uration) bias is provided by battery 
Vub. The bias value is chosen so that 
saturating current continues to flow 
when only one input pulse is applied, 
and both input pulses are required to 
turn thè transistor off. 

The AND-OR gate shown in Fig. 
80 illustrates thè use of a direct- 
coupled transistor logie circuit to 
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Figure 78. Simple OR-type logie Circuit. 
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trigger a bistable multivibrator. The 
over-all gating function, which con- 
sists of a NAND function and a 
NOR function, is performed by tran¬ 
sistore Qi, Q 2 , and Qa. Transistor Q* 
is part of thè bistable multivibrator. 

Transistors Qi and Q 3 are series- 
connected and form a NAND gate. 


Provided all transistors are cut off 
(quiescent conditfon), triggering of 
thè bistable multivibrator is accom- 
plished when thè prescribed input 
conditions for either of thè NAND 
gates are met, i.e., when either tran¬ 
sistors Qi and Q* or transistors Qi 
and Qa are triggered into conduction. 


MULTIVIBRATOR 

r- 



Similarly, transistors Qi and Qa are 
series-connected and form a NAND 
gate. Transistors Qa and Qa are par- 
allel-connected and form a NOR gate. 
Reverse collector bias for all tran¬ 
sistors is provided by battery V c «. 


Gating circuits are also used as 
amplitude discriminators (limiters), 
clippers, and clamping circuits, and 
as signal-shunting or transmission 
gates. 


Silicon Rectifiers 


S ILICON rectifiers, like other semi¬ 
conductor diodes, are essentially 
cells containing a simple p-n junc- 
tion. As a result, they have low 
resistance to current flow in one 
(forward) direction, but high resist¬ 
ance to current flow in thè opposite 
(reverse) direction. They can be 
operated at ambient temperatures up 
to 200 degrees centigrade and at cur¬ 
rent levels as high as 40 amperes, 
with voltage levels as high as 1000 
volts. In addition, they can be used 
in parallel or series arrangements to 
provide higher current or voltage 
capabilities. 

Because of their high forward-to- 
reverse current ratios, Silicon recti¬ 
fiers can achieve rectifìcation efficien- 
cies in thè order of 99 per cent. When 
properly used, they have excellent 
life characteristics which are not 
affected by aging, moisture, or tem¬ 
perature. They are very small and 
light-weight, and can be made im- 
pervious to shock and other severe 
environmental conditions. 

THERMAL CONSIDERATIONS 

Although rectifiers can operate at 
high temperatures, they are sensitive 
to sudden temperature changes be¬ 
cause of thè extremely small crystals 
used in their structure. The thermal 
capacity of a Silicon rectifier is quite 
low, and thè junction temperature 
rises rapidly during high-current 
operation. Sudden rises in junction 
temperature caused by either high 
currents or excessive ambient-tem- 


perature conditions can cause failure. 
(A Silicon rectifier is considered to 
have failed when either thè forward 
voltage drop or thè reverse current 
has increased to a point where thè 
crystal structure or surrounding ma¬ 
terial breaks down.) Consequently,, 
temperature effects are very impor- 
tant in thè consideration of Silicon, 
rectifier characteristics. 


REVERSE CHARACTERISTBCS 

When a reverse-bias voltage is ap- 
plied to a Silicon rectifier, a limited: 
amount of reverse current (usually 
measured in microamperes, as com- 
pared to milliamperes or amperes of‘ 
forward current) begins to flow. As 
shown in Fig. 81, this reverse cur¬ 
rent flow increases slightly as thè- 
bias voltage increases, but then tends 
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Figure 81. Typical reverse characteristics; 


to remain Constant even though thè- 
voltage continues to increase signifi- 
cantly. However, an increase in oper- 
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ating temperature multiplies thè 
reverse current considerably for a 
given reverse bias. 

At a specific reverse voltage (which 
varies for different types of diodes), 
a very sharp increase in reverse cur¬ 
rent occurs. This voltage is called 
thè breakdown or avalanche (or 
zener) voltage. In many applications, 
rectifiers can operate safely at thè 
avalanche point. If thè reverse volt¬ 
age is increased beyond this point, 
however, or if thè ambient tempera¬ 
ture is raised sufficiently (for ex- 
ample, a rise from 25 to 150 degrees 
centigrade increases thè current by 
a factor of several hundred), “ther- 
mal runaway” results and thè diode 
may be destroyecL 

FORWARD CHARACTERISTICS 

A Silicon rectifìer usually requires 
a forward voltage of 0.4 to 0.7 volt 
(depending upon thè temperature 
and thè impurity concentration in 
thè p-type and n-type materials) to 
overcome thè potential barrier at thè 
p-n junction. As shown in Fig. 82, a 
slight rise in voltage beyond this 
point increases thè forward current 
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Figure 82. Typical forward characteristics. 

sharply. Because of thè small mass 
of thè Silicon rectifìer, thè forward 
voltage drop must be carefully con- 
trolled so that thè specifìed maxi¬ 
mum value for thè device is not 
exceeded. Otherwise, thè diode may 
be seriously damaged or destroyed. 

Fig. 82 shows thè effects of an in¬ 
crease in temperature òn thè 'forward-' 
current characteristic of à Silicon 
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rectifìer. In certain applicati ons, dose 
control of ambient temperature is re- 
quired for satisfactory operation. 
Close control is not usually required, 
however, in power circuits. 

RATINGS 

Ratings for Silicon rectifiers are 
determined by thè manufacturer on 
thè basis of extensive reliability test- 
ing. One of thè most important rat¬ 
ings is thè maximum peak reverse 
voltage (PRV), i.e., thè highest 
amount of reverse voltage which can 
be applied to a specific rectifìer be- 
fore thè avalanche breakdown point 
is reached. PRV ratings range from 
about 50 volts to as high as 1000 
volts for some single-junction diodes. 
As will be discussed later, several 
junction diodes can be connected in 
series to obtain thè PRV values re¬ 
quired for very-high-voltage power- 
supply applications. 

Three current ratings are usually 
given for Silicon rectifiers: thè maxi¬ 
mum average forward current, thè 
peak recurrent forward current, and 
thè maximum surge current. As 
shown in Fig. 83, thè fìrst of these 
currents refers to thè maximum aver¬ 
age value of current which is allowed 
to flow in thè forward direction for 
a specifìed ambient or case tempera¬ 
ture. Typical average current out- 
puts range from 0.5 ampere to as 
high as 40 amperes for single Silicon 
diodes. 


;-SURGE OR FAULT CURRENT 
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Figure 83. Representation of rectifìer 
currents. 


The peak recurrent forward current 
is thè maximum repétitive instan- ; 
taneous forward eùrrent -permitted 
under stated conditions. The maxi¬ 
mum surge current is thè maximum 
non-repetitive peak current of a 


single forward cycle. The surge, or 
fault, current is permitted for only a 
very short time interval (about eight 
milliseconds). Surge currents gen- 
erally occur when thè equipment is 
fìrst tumed on, or when unusual volt¬ 
age transients are introduced in thè 
ac supply line. Protection against ex- 
cessive currents of this type can be 
provided in various ways, as will be 
discussed later. 

Because these maximum current 
ratings are all affected by thermal 
variations, ambient-temperature con¬ 
ditions must be considered in thè 
application of Silicon rectifiers. Tem¬ 
perature-rating charts are usually 
provided to show, thè percentage by 
which maximum currents must be 
decreased for operation at tempera- 
tures higher than normal room tem¬ 
perature (25 degrees centigrade). 

HEAT SINKS 

Silicon rectifiers are often mounted 
on devices called “heat sinks”. A 
heat sink generally consists of a rel- 
atively large metal piate attached to 
thè heat-conducting side of thè recti- 
fier. Because of its large surface, a 
heat sink can readily dissipate heat 
and thereby safeguard thè rectifìer 
against damage. 

The size of a heat sink for a given 
rectifìer application depends upon thè 
ambient temperature and thè maxi¬ 
mum average forward current of thè 
rectifìer. As a result, thè actual size 
must be calculated for each applica¬ 
tion which involves an ambient tem¬ 
perature or forward current other 
than that recommended by thè man¬ 
ufacturer. For this calculation, two 
charts are used: thè current-multi- 
plying-factor chart shown in Fig. 84, 
and thè heat-sink cooling chart shown 
in Fig. 85. Fig. 84 applies to all rec¬ 
tifìer types for both polyphase and de 
operation ; Fig. 85 differs for diifer- 
ent rectifìer types. 

The calculation requires four steps: 

1. From Fig. 84, thè current-multi- 
plying factor is determined for thè 
. applicab.le conductipn angle: (i.e., thè 
fraction of thè ac input cycle during 
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Figure 84. Current-multiplying-factor chart. 


which forward current is expected to 
flow in thè particular application). 
For de operation of a Silicon recti¬ 
fìer, a multiplying factor of 0.8 is 
generally specifìed. 


HEAT-SINK COOLING CHART 



Figure 85. Typical heat-sink cooling chart. 
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2. The desired output current (ex- 
pressed in amperes) is divided by 
thè number of current paths. The ac- 
tual number of paths depends on thè 
type of operation intended, and can 
be determined from thè table below. 

Typeof Number of 

Operation Current Paths 

Single-Phase, Full-Wave: 

Center-Tapped 2 

Bridge 2 

Three-Phase: 

Y 3 

Doublé Y 6 

Bridge 3 

Six-Phase Star 6 

The resulting figure is thè average 
forward current of thè rectifier. 

3. The average current is then 
multiplied by thè current-multiply- 
ing factor obtained in Step 1. The 
resulting figure represents thè ad¬ 
justed average forward current of 
thè rectifier. 

4. This adjusted current is applied 
to Fig. 85 to determine either thè 
maximum allowable ambient tem¬ 
perature for a given heat-sink size 
or thè minimum heat-sink size for a 
given ambient temperature. (Pub- 
lished data may also include a chart 
similar to Fig. 85 for forced-air-cool- 
ing applications.) 

The following example illustrates 
thè calculation of minimum heat-sink 
size for a three-phase, half-wave ( Y) 
Circuit. The conduction angle is 120 
degrees, thè desired output current 
is 00 amperes, and thè ambient tem¬ 
perature is 90 degrees centigrade. 

1. From Fig. 84, thè current-multi- 
plying factor for a conduction angle 
of 120 degrees is 1.18. 

2. For three-phase half-wave oper¬ 
ation, thè number of current paths is 

3. The average forward current 
through thè rectifier, therefore, is 90 
divided by 3, or 30 amperes. 

3. This average forward current is 
then multiplied by thè current-multi- 
plying factor (1.18) obtained in Step 
1 to prò vide an adjusted forward 
current of 35.4 amperes. 


4. From Fig. 85, thè minimum heat- 
sink size for thè above conditions is 
found to be 6 by 6 inches. 

SERIES AND PARALLEL 
ARRANGEMEMTS 

Series arrangements of Silicon rec¬ 
tifiers are used when thè applied re- 
verse voltage is expected to be 
greater than thè maximum peak re¬ 
verse voltage rating of a single Sili¬ 
con rectifier (or celi). For example, 
four rectifiers having a maximum 
reverse voltage rating of 200 volts 
each could be connected in series to 
handle an applied reverse voltage of 
800 volts. 

In a series arrangement, thè most 
important consideration is that thè 
applied voltage be divided equally 
across thè individuai rectifiers. If thè 
instantaneous voltage is not uni- 
formly divided, one of thè rectifiers 
may be subjected to a voltage greater 
than its specified maximum reverse 
voltage, and, as a result, may be de- 
stroyed. Uniform voltage division 
can usually be assured by connection 
of either resistors or capacitors in 
paraliel with individuai cells. Shunt 
resistors are used in steady-state 
applications, and shunt capacitors in 
applications in which transient volt- 
ages are expected. Both resistors and 
capacitors should be used if thè Cir¬ 
cuit is to be exposed to both de and 
ac componente. 

A parallel arrangement of rectifiers 
can be used when thè maximum aver¬ 
age forward current required is 
larger than thè maximum current 
rating of an individuai rectifier celi. 
To avoid differences in voltage across 
thè parallel rectifiers, it is desirable 
to add either a resistor or an inductor 
in series with each celi. Balanced 
transformers or separate transf ormer 
windings can be used for this pur- 
pose. Although resistors are con- 
sidered thè simplest method of 
current division, individuai inductors 
in series with each celi are more effi- 
cient because they do not consume as 
much power as thè resistor arrange¬ 
ment. 


Parallel rectifier arrangements are 
not in generai use. Designers nor- 
mally use a polyphase arrangement 
to prò vi de higher currents, or sim- 
ply substitute thè readily available 
higher-current rectifier types. 

OVERLOAD PROTECTION 

In thè application of Silicon recti¬ 
fiers, it is necessary to guard against 
both over-voltage and over-current 
(surge) conditions. A voltage surge 
in a rectifier arrangement can be 
caused by de switching, reverse recov¬ 
ery transients, transf ormer switch¬ 
ing, inductive-load switching, and 
various other causes. The effeets of 
such surges can be reduced by thè 
use of a capacitor connected across 
thè input or thè output of thè recti¬ 
fier. In addition, thè magnitudo of 
thè voltage surge can be reduced by 
changes in thè switching elements or 
thè sequence of switching, or by a 
reduction in thè speed of current in- 
terruption by thè switching elements. 

In all applications, a rectifier hav¬ 
ing a more-than-adequate peak re¬ 
verse voltage rating should be used. 
The safety margin for reverse volt¬ 
age usually depends on thè applica¬ 
tion. For a single-phase half-wave 
application using switching of thè 
transformer primary and having no 
transient suppression, a rectifier hav¬ 
ing a peak reverse voltage three or 
four times thè expected working volt¬ 
age should be used. For a full-wave 
bridge using load switching and 
having adequate suppression of tran¬ 
sients, a margin of 1.5 to 1 is gen- 
erally acceptable. 

Because of thè small size of thè 
Silicon rectifier, excessive surge cur¬ 
rents are particularly harmful to rec¬ 
tifier operation. Current surges may 
be caused by short circuits, capacitor 
inrush, de overload, or failure of a 
single celi in a multiple arrange¬ 
ment. In thè case of low-power cells, 
fuses or circuit breakers are often 
placed in thè ac input circuit to thè 
rectifier to interrupt thè fault cur¬ 
rent before it damages thè rectifier. 
When circuit requirements are such 


that Service must be continued in 
case of failure of an individuai diode, 
a number of cells can be used in 
parallel, each with its own fuse. Ad- 
ditional fuses should be used in thè 
ac line and in series with thè load for 
protection against de load faults. In 
high-power cells, an arrangement of 
circuit breakers, fuses, and series re- 
sistances is often used to reduce thè 
amplitude of thè surge current. 

APPLICATIONS 

Silicon rectifiers are used in a con- 
tinually broadening range of applica¬ 
tions. Originally developed for use in 
such equipment as dc-to-dc convert- 
ers, battery chargers, mobile power 
supplies, transmitters, and electro- 
plating devices, Silicon rectifiers are 
also used in power supplies for radio 
and television receivers and phono- 
graph amplifiers, as well as in such 
applications as in-line-type modula- 
tors, hold-off and charging diodes, 
pulse-forming networks, and brush- 
less alternators. They are also being 
used in many aircraft applications 
because of their small size, light 
weight, and high efficiency. 

The most suitable type of rectifier 
circuit for a particular application 
depends on thè de voltage and cur¬ 
rent requirements, thè amount of 
rectifier “ripple” (undesired fluctua- 
tion in thè de output caused by an 
ac component) that can be tolerated 
in thè circuit, and thè type of ac 
power available. Figs. 86 through 92 
show seven basic rectifier configura- 
tions. (Filters used to smooth thè 
rectifier output are not shown for 
each circuit, but are discussed later.) 
Figs. 86 through 92 also include thè 
output-voltage waveforms for thè 
various circuits and thè current wave¬ 
forms for each individuai rectifier 
celi in thè circuits. Ideally, thè volt¬ 
age waveform should be as fiat as 
possible (i.e., approaching almost 
pure de). A fiat curve indicates a 
peak-to-average voltage ratio of one. 
In thè case of thè current wave¬ 
form, thè smaller thè current flowing 
through thè individuai rectifier, thè 
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Figure 86. Single-phase half-wave Circuit. 


less chance there is for malfunction transformer voltage. In addition, it 

or burnout of thè celi. exposes thè individuai rectifier celi to 

The half-wave single-phase circuit only half as much peak reverse volt- 
shown in Fig. 86 delivers only one age, and allows only 60 per cent of 
pulse of current for each cycle of ac thè total current to flow through 

input voltage. As shown by thè cur- each celi. This type of circuit is pop- 

rent waveform, thè single rectifier ular in amateur transmitter use. 
celi is exposed to thè entire current The three-phase circuits shown in 
flow. This type of circuit, which con- Figs. 89 through 92 are usually found 

tains a very high percentage of out- in heavy industriai equipment such 

put ripple, is used principally in as high-power transmitters. The 

low-voltage high-current applications three-phase (Y) half-wave circuit 

and in low-current high-voltage ap- shown in Fig. 89 uses three rectifier 

plications. cells. This circuit has considerably 

Fig. 87 shows a single-phase full- less ripple than thè circuits discussed 

wave circuit with a center-tapped above. In addition, it allows only 

high-voltage winding. This circuit one-third of thè total current to flow 



Figure 87. Single-phase full-wave circuit with center-tap. 


has a higher peak-to-average volt- through each rectifier celi. This type 

age ratio than thè circuit of Fig. 86, of circuit is used in alternator recti- 

and about 50 per cent less ripple. fìers in automobiles. 

This type of circuit is widely used Fig. 90 shows a three-phase (Y) 
in television receivers and large au- full-wave bridge circuit which uses a 

dio amplifìers. total of six rectifier cells. In this 

The single-phase full-wave bridge arrangement, two half-wave recti- 

circuit shown in Fig. 88 uses four ree- fiers are connected in series across 

tifiers, and does not require thè use each leg of a high-voltage trans- 

of a transformer center-tap. It sup- former. This circuit delivers twice as 

plies twice as much output voltage much voltage output as thè circuit of 

as thè circuit of Fig. 87 for thè same Fig. 89 for thè same voltage condi- 
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RECTIFIER 

CURRENT 

Figure 89. Three-phase (Y) half-wave circuit. 



CURRENT 

Figure 90. Three-phase (Y) full-wave bridge circuit. 
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tions. In addition, this circuit, as tween thè output of thè rectifìer and 

well as those shown in Figs. 91 and any capacitor in thè fìlter circuit. 

92, has an extremely small percent- Values shown do not take into con- 

age of ripple and a very low ratio sideration voltage drops which occur 

of peak-to-average voltage. in thè power transformer, thè Silicon 

The six-phase “star” circuit shown rectifiers, or thè fìlter components 

in Fig. 91, which also uses six recti- under load conditions. When a par- 

fìer cells, allows thè least amount of ticular rectifìer type has been selected 

thè total current (one-sixth) to flow for use in a specifìc circuit, Table I 

through each celi. The three-phase can be used to determine thè param- 

double-Y and interphase transformer eters and characteristics of thè 

circuit shown in Fig. 92 uses six circuit. 

half-wave rectifiers in parallel. This In Table I, all ratios are shown as 
arrangement delivers six current functions of either thè average out- 

pulses per cycle and twice as much put voltage E^ v or thè average de 

output current as thè circuit shown output current I av , both of which are 

in Fig. 89. expressed* as unity for each circuit. 

Table I lists voltage and current In practical application^, thè magni- 

ratios for thè circuits shown in Figs. tudes of these average values will, 

86 through 92 for an inductive load. of course, vary for thè different cir- 

These ratios apply for sinusoidal ac cuit configurations. 

input voltages. It is generally ree- Filter circuits are generally used 
emmended that inductive loads rather to smooth out thè ac ripple in thè 

than resistive loads be used for fil- output of a rectifìer circuit. A smooth- 

tering of rectifìer current, except ing filter usually consists of capaci- 

for thè circuit of Fig. 86. Current tors and iron-core chokes. In any 

ratios given for inductive loads apply fìlter-design problem, thè load im- 

only when a filter choke is used be- pedance must be considered as an 



Figure 91. Six-phase “star” circuii. 
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Figure 92. Three-phase double-Y and interphase transformer circuit. 


integrai part of thè filter because voltage. Smoothing effect is obtained 
thè load is an important factor in from thè capacitors because they are 
fìlter performance. Smoothing effect in parallel with thè load and store 
is obtained from thè chokes because energy on thè voltage peaks; this 
they are in series with thè load and energy is released on thè voltage 
offer a high impedance to thè ripple 


CIRCUIT ratios: 

Output Voltage Fig. 86 Fig, 87 Fig. 88 Fig. 89 Fig. 90 Fig. 91 Fig. 92 

Average............. Eav Eav Eav Eav Eav Eav Eav 

Peak (x Eav)........ 3.14 1.57 1.57 1.21 1.05 1.05 1.05 

Ripple 121 48 48 18.3 4.3 4.3 4.3 

Input Voltage (RMS) 

Phase (x Eav).. 2.22 1.11* 1.11 0.855* 0.428* 0.74* 0.855* 

Line-to-Line (x Eav).. 2.22 2.22 1.11 1.48 0.74 1.48f 1.71 J 

Average Output 

(Load) Current....... Iav Iav Iav lav Iav Iav lav 

rectifìer cell ratios 
Forward Current 

Average (x Iav). 1.00 0.5 0.5 0.333 0.333 0.167 0.167 

RMS (x Iav),.. 1.57 0.785 0.785 0.587 0.579 0.409 0.293 

Peak (x Iav). 3.14 1.57 1.57 1.21 1.05 1.05 0.525 

Peak Reverse Voltage 

xE av. 3.14 3.14 1.57 2.09 1.05 2.09 2.42 

xErm s. 1.41 2.82 1.41 2.45 2,45 2.83 2.83 

* to center tap f maximum value 

* to neutra! J maximum value, no load 


Table 1—-Voltage and current ratios for rectifier circuits shown 
Fig. 86 uses a resistive load, and Figs. 87 through 92 an 


in Figs. 86 through 
inductive load. 


92 . 
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dips and serves to maintain thè volt¬ 
age at thè load substantially Con¬ 
stant. Smoothing fìlters are classifìed 
as choke-input or capacitor-input ac- 
cording to whether a choke or capaci- 
tor is placed next to thè rectifìer. 
Typical fìlter circuits are shown in 
Fig. 93. 


measured by an ac voltmeter. Filter 
capacitors, therefore, especially thè 
input capacitor, should have a rating 
high enough to withstand thè in- 
stantaneous peak value if breakdown 
is to be avoided. When thè input-choke 
method is used, thè available de out- 
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Rgure 93. Typical filter circuits. 


If an input capacitor is used, con- put voltage will be somewhat lower 
sideration must be given to thè in- than with thè input-capacitor method 
stantaneous peak value of thè ac for a given ac voltage. However, im- 
input voltage. This peak value is proved regulation together with lower 
about 1.4 times thè rms value as peak current will be obtained. 


Silicon Controlled Rectifìers 


fTl HE Silicon controlled rectifìer 
JL (SCR) is basically a four-layer 
n-p-n-p semiconductor device having 
three electrodes: a cathode, an 
anode, and a control electrode called 
thè gate. Like all rectifìers, it con- 
duets current primarily in one di¬ 
rection. However, it differs from 
conventional rectifìers in that it will 
not conduct a substantial amount of 
current in thè forward direction un- 
til thè anode voltage exceeds a cer- 
tain minimum voltage called thè 
forward breakover voltage. The value 
of this voltage can be varied, or 
controlled, by thè introduction of an 
external signal at thè third elec¬ 
trode, or gate, of thè Silicon con¬ 
trolled rectifìer. This unique control 
characteristic makes thè Silicon con¬ 
trolled rectifìer a particularly useful 
switching or p ower-control-device, 
especially in high-power circuits. 

(The generic term thyristor has 
recently been adopted as an inter- 
national standard for semiconductor 
devices having control character- 
istics similar to those of thyratron 
tubes. The Silicon controlled rectifìer 
belongs in this class, and is, more 
specifìcally, a reverse-blocking triode 
type of thyristor. This name will 
probably replace thè name Silicon 
controlled rectifìer on a graduai ba- 
sis.) 

CONSTRUCTION 

Fig. 94 shows thè basic construc- 
tion details of thè Silicon controlled 
rectifìer. The alternate layers of dif- 
fused Silicon material serve. as thè 


cathode, gate, base, and anode. These 
layers are enclosed in a special 
metal container which is then her- 
metically sealed to maintain an ultra¬ 
dry atmosphere. This entire unit is 



mounted in a rugged case which 
provides protection against severe 
thermal environmental stresses. The 
pedestal below thè semiconductor 
layers acts as a heat sink to help 
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dissipate thè heat developed inter- this phenomenon occurs, thè rectifier 
nally during operation. is considered to be triggered, or in 

thè “on” condition. The forward cur- 
CURRENT-VOLTAGE rent then continues to increase rap- 

CHARACTERISTICS idiy with slight increases in forward 

bias, and thè device enters a state of 
The voltage-current characteristic high forward conduction. 
and Circuit symbol of thè Silicon It can be seen that when thè for- 
controlled rectifier are shown in Fig. ward breakover voltage of a Silicon 

95. Under reverse-bias conditions, thè controlled rectifier is exceeded, thè 

device operates in a rnanner similar high internai resistance of thè device 

to that of conventional rectifìers, changes to a very low value, The 

and exhibits a slight reverse leak- lower resistance then permits a high 

age current which is called thè re- current to flow through thè device 

verse blocking current (Ikbom). This at very low voltage values (V F ). 

current has a small value until thè This change in internai resistance 
peak reverse voltage (PRV) is ex- makes thè Silicon controlled rectifier 

ceeded, at which point thè reverse an ideal, device for switching appli- 

current increases by several orders cations/When thè operating voltage 

of magnitude. The value of thè peak is below thè breakover point, rec- 

reverse voltage differs for each in- tifìer current is extremely small and 

dividual type. thè switch is effectively open. When 



Figure 95. (a) Typical voltage and current characteristic and (b) Circuit symbol for Silicon 

controlled rectifier. 

Under forward-bias conditions, thè voltage increases to a value ex- 

there is a similar small leakage cur- ceeding thè breakover point, thè rec- 

rent called thè forward blocking cur- tifìer switches to its high-conduction 

rent (Ifbom). Also, as thè forward state and thè switch is closed. The 

bias is increased, a voltage point is Silicon controlled rectifier remains in 

reached at which a forward break- thè high-conduction state until thè 

over condition occurs and forward current drops below a value which 

current increases rapidly. This point can maintain thè breakover condi- 

is called thè forward voltage break- tion. This value is called thè holding 

over point (Vboo). current (inoo). When thè anode-to- 

However, when thè forward cur- cathode voltage drops to a low value 

rent exceeds a criticai value of Vboo, and reverses thè current flow, thè 

thè voltage across thè device sud- device then reverts back to thè for- 

denly reverts back to a very low ward blocking region, and thè rec- 

value (Vf) with very little decrease tifìer switches to thè “off” mode, 
in current. (It is assumed that thè The voltage breakover point of a 
rectifier is connected to a load resist- Silicon controlled rectifier can be 

ance of suffìcient value to permit varied, or controlled, by injection of 

this “cut-back” in voltage.) When a signal at thè gate, as indicated by 
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thè family of curves shown in Fig. 96. 
When thè gate current is zero, thè 
forward voltage must reach thè V B oo 
value of thè device before breakover 
occurs. As thè gate current is in¬ 
creased, however, thè value of break¬ 
over voltage becomes less until thè 
curve closely resembles that of a 
conventional rectifier. In normal op¬ 
eration, Silicon controlled rectifìers 
are operated well below thè forward 
voltage breakover point, and a gate 
signal of suffìcient amplitude is used 
to assure triggering of thè rectifier 
to thè “on” mode. 



Figure 96. Family of curves with gate cur¬ 
rent at different values. 

After thè Silicon controlled rec¬ 
tifier is triggered by thè gate signal, 
thè current flow through thè device 
is independent of gate voltage or 
gate current. It remains in thè high- 
conduction state until thè primary 
or anode current is reduced to a level 
below that required to sustain con¬ 
duction. Turnoff of thè device can 
be achieved in minimum time by 
application of a re ver se bias. 

MAXIMUM RATINGS 

Like other semiconductor devices, 
Silicon controlled rectifìers must be 
operated within thè maximum rat- 
ings specified by thè manufacturer. 
Several voltage ratings are generally 
given for Silicon controlled rectifìers. 
The maximum peak reverse voltage 
(Vbm (rep)) is thè highest value of 
negative voltage which may be ap- 
plied repetitively to thè anode when 
thè gate is open. The transient peak 


re verse voltage (V RM (non-rep)) is 
thè maximum value of negative volt¬ 
age which may be applied to thè 
anode for not more than fìve milli- 
seconds when thè gate is open. The 
maximum peak forward blocking 
voltage (Vfbom) is thè highest value 
of positive voltage which can be ap¬ 
plied to thè anode when thè gate is 
open. The maximum peak gate volt¬ 
age (forward Vgkm or reverse Vkgm) 
is thè highest value of voltage which 
may be applied between thè gate and 
thè cathode when thè anode is open. 

One of thè more criticai current 
ratings for Silicon controlled rec¬ 
tifìers is thè maximum peak surge 
current (Ìfm( surge) ), which is thè 
highest permissible non-repetitive 
peak current of a forward cycle. 
This peak current may be repeated 
after suffìcient time has elapsed for 
thè device to return to pre-surge 
thermal conditions. 

Also important is thè maximum 
average forward current of thè de¬ 
vice. Silicon controlled rectifìers pres- 
ently available have forward-current 
ratings ranging from less than one 
to more than 100 amperes. Pub- 
li shed data for thè se devices usually 
include temperature-rating charts 
which indicate thè percentage of cur¬ 
rent permitted as a function of tem¬ 
perature. 

TRIGGERING 

CHARACTERISTICS 


Fig. 97 shows thè gate trigger- 
voltage characteristics for Silicon 
controlled rectifier type 2N681. The 
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Figure 97. Triggering characteristics for 
2N681. 
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trigger signal applied to thè gate 
of thè device must not exceed thè 
maximum ratings of thè gate, but 
must be sufficiently large to assure 
reliable triggering under all con- 
ditions. 

The gate voltage of Silicon con- 
trolled rectifìers during “off” periods 
must be below thè values shown by 
thè lower curve of Fig. 97 to prevent 
random triggering. Because thè max¬ 
imum gate voltage for “off” periods 
varies with temperature, a suffi¬ 
ciently low value must be used to 
prevent undesired triggering at all 
temperature values encountered in 
a particular application. 

When a negative voltage is applied 
to thè anode of a Silicon controlled 
rectifìer, thè positive voltage at thè 
gate signifìcantly increases thè re¬ 
verse leakage current and, as a 
result, thè power which must be 
dissipated by thè device. This dis- 
sipation may be reduced by means 
of a “clamping” circuit in which a 
diode and a resistor are connected 
between thè gate and thè anode. This 
arrangement attenuates positive gate 
signals when thè anode is negative. 
An alternative arrangement is to 
place a conventional rectifìer having 
a low reverse leakage current in 
series with thè Silicon controlled rec¬ 
tifìer. A large percentage of thè 
negative voltage is then assumed by 
thè diode, and reverse dissipation 
in thè controlled rectifìer is greatly 
reduced. 

OVERLOAD PROTECTION 

In any silicon-controlled-rectifìer 
circuit, precautions should be taken 
to protect thè device from over- 
current and over-voltage surge con- 
ditions. Protection against over- 
current surges can be achieved by 
either preventing or interrupting thè 
current surge, or by limiting thè 
magnitude of thè current flow by 
means of thè circuit impedance. For 
thè fìrst approach, circuit fuses or 
breakers can be used effectively to 
disconnect thè entire circuit from 
thè power supply or to isolate thè 
faulted Silicon controlled rectifìers. 
In addition, de fuses can be used to 
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protect thè devices from de feedback 
originating in thè load or parallel 
conduction circuits. The magnitude 
of thè over-current flow can be lim- 
ited by proper selection of source 
and transformer impedances, as well 
as thè inductance and reactance, of 
thè de circuit. 

Because of thè fast switching ac¬ 
tion and high commutating duty of 
Silicon controlled rectifìers, voltage 
transients are more troublesome than 
in conventional rectifìers. In many 
criticai applications, effective pro¬ 
tection against voltage transients re- 
quires thè use of Silicon controlled 
rectifìers having extremely high 
voltage ratings or thè use of two 
or more rectifìers in series (as 
described below). In less criticai 
applications, more economical tech- 
niques are available. For example, 
a conventional rectifìer can be used 
in series with thè Silicon controlled 
rectifìer for protection against high 
voltage surges. 

The effeets of voltage transients 
in silicon-controlled-rectifìer circuits 
can be minimized by reducing thè 
rate at which thè energy is dissipated 
in thè devices. This “slowdown” of 
energy release can be achieved by 
relocation of thè switching elements 
in thè circuit or by a change in thè 
sequence of switching. Other pre¬ 
ventive methods include thè change 
of speed of current interruption by 
thè switching elements, or thè use 
of an additional energy source or 
dissipation means in thè circuit. 

SERIES ARRANGEMENT 

Two or more Silicon controlled rec¬ 
tifìers can be used in a series ar¬ 
rangement when thè total forward 
(or re verse) voltage is higher than 
thè maximum voltage rating for a 
single device. In series arrange- 
ments, precautions must be taken 
to assure equal division of thè ap¬ 
plied voltage among thè devices. If 
one rectifìer carries a larger share 
of voltage because of leakage differ- 
ences or other variations between 
units, it may inadvertently fìre when 
thè peak voltage across thè string 
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is large, and thus disrupt thè entire 
series string. Under steady-state 
blocking conditions, this problem 
can be minimized by shunting in¬ 
dividuai rectifìers with resistors of 
thè same value to equalize thè volt¬ 
age drop. 

Transient effeets also present a 
problem in series arrangements. Un¬ 
der high-frequency voltage-transient 
conditions, voltage division across 
thè Silicon controlled rectifìers be- 
comes inversely proportional to thè 
junction capacitarne of thè individuai 
units. In this case, proper voltage 
division can be achieved by placing 
a small capacitor in parallel with 
each voltage-equalizing resistor, as 
shown in Fig. 98a. For most appli- 
cations, a 0.01- to 0.05-microfarad 
capacitor should be sufficient. 

In extremely criticai applications, 
voltage division for a series ar¬ 
rangement can best be attained by 
replacing each voltage-equalizing re¬ 
sistor with a Silicon voltage-refer- 
ence diode, as shown in Fig. 98b. 



VOLTAGE-REFERENCE 

DIODES 



Double-ended diodes should be used 
if thè series string is required to 
block appreciable voltage in thè 
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reverse direction as well as in thè 
forward direction. 

In series operation, thè gate signal 
for each Silicon controlled rectifìer 
must be electrically isolated from 
thè gate signals for all other units. 
Small transformers having multiple 
secondary windings can effectively 
provide such isolation for ac and 
pulse-type triggering circuits. In ad¬ 
dition, a small resistor or capacitor 
may be placed in series with each 
gate to prevent controlled rectifìers 
having low-impedance gate charac- 
teristics from shunting thè trigger¬ 
ing signal away from units having 
higher gate impedance. 

Although Silicon controlled rec¬ 
tifìers can also be used in parallel 
arrangements, thè circuit require- 
ments in such applications are quite 
complicated, and require a discus- 
sion which is too detailed for thè 
purposes of this manual. 

POWER CONTROL 

As mentioned previously, Silicon 
controlled rectifìers are used in a 
large number of commercial and in¬ 
dustriai power-control applications. 
Fig. 99a shows a simple power-con¬ 
trol circuit using a controlled recti¬ 
fìer; Fig. 99b shows thè waveforms 
for applied voltage and load current. 
In this circuit, thè rectifìer is con¬ 
nected in series with thè load, and 
.thè gate circuit receives its trigger¬ 
ing signal from thè pulse generator. 
The rectifìer selected has a voltage 
breakover point which is higher than 
thè value of applied peak ac anode 
voltage. As a result, when thè gate 
circuit is open (i.e., no signal ap¬ 
plied by thè pulse generator), thè 
rectifìer is in thè “off” condition, and 
no current flows through thè load 
except a slight leakage current. 

When a gate signal of sufficient 
amplitude is applied at thè beginning 
of thè positive anode voltage, thè 
rectifìer is triggered and current 
flows through thè circuit for thè re¬ 
mainder of thè positive cycle, even 
when thè triggering signal is ré- 
moved. The load current ceases only 
when thè applied ac signal becomes 
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(b) 

Figure 99. (a) Basic power-control Circuit 

and (b) waveforms for supply voltage, load 
current, and gate current. 

negative and thè rectifìer current 
falls below thè value required to 
maintain conduction. 

A Silicon controlled rectifìer can 
be used to conduct during any de- 
sired portion of thè positive cycle 
of anode voltage by applying thè 
gate signal at thè proper value of 
thè anode voltage. For example, if 
thè triggering signal is applied at 
thè positive peak of thè anode volt¬ 
age waveform, thè rectifìer conducts 
only a quarter of thè cycle. This flex- 
ibility of control distinguishes thè 
Silicon controlled rectifìer from all 
other types of semiconductor devices. 

CURRENT RATI OS 

In thè design of circuits using 
Silicon controlled rectifiers, it is 
often necessary to determine thè spe- 
cifìc values of peak, average, and 
rms current flowing through thè de¬ 
vice. In thè case of conventional rec¬ 
tifiers, these values are readily 
determined by thè use of thè current 


ratio s shown in Table I of thè sec- 
tion on Silicon Rectifiers. For Sili¬ 
con controlled rectifiers, however, 
thè calculations are more diffìcult 
because thè current ratios become 
functions of both thè conduction 
angle and thè fìring angle of thè 
device. 

The charts in Figs. 100, 101, and 
102 show several current ratios as 
functions of conduction and fìring 
angles for three basic silicon-con- 
trolled-rectifìer circuits. These charts 



180 J50 120 90 60 30 0 


FÌRING ANGLE (o) 

Figure 100. Ratio of device current as a 
function of conduction and firing angles for 
single-phase half-wave conduction into a 
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Figure 101. Ratio of device current as a 
function of conduction and firing angles for 
single-phase full-wave conduction mto a 
resistive load. 


Silicon Controlled Rectifiers 


65 


can be used in a number of ways to 
calculate desired current values. For 
example, they can be used to de¬ 
termine thè peak or rms current in 
a Silicon controlled rectifìer when a 
certain average current is to be de- 
livered to a load during a specific 
part of thè conduction period. It is 
also possible to work backwards and 
determine thè necessary period of 
conduction if, for example, a specified 
peak-to-average current ratio must 
be maintained in a particular appli¬ 
cation. Another use is thè calculation 
of thè rms current at various conduc¬ 
tion angles when it is necessary to 
determine thè power delivered to a 
load, or power losses in transform- 
ers, motors, leads, or bus bars. Al- 
though thè charts are presented in 
terms of device current, they are 
equally useful for thè calculation of 
load current and voltage ratios. 
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Figure 102. Ratio of device current as a 
function of conduction and firing angles for 
three-phase half-wave Circuit having a 
resistive load. 

The charts provide ratios relating 
average current I a v g , rms current 
Irm 8 , peak current I p *, and a param- 
eter I 0 called thè reference current. 
This last value represents a Con¬ 
stant of thè Circuit, and is equal to 
thè peak source voltage Vp* divided 
by thè load resistance R L . The term 
I P k refers to thè peak current which 
appears at thè controlled rectifìer 
during its period of forward con¬ 
duction. I 0 is thè maximum value 


that thè current can obtain and corre- 
sponds to thè peak of thè sine wave. 
For conduction angles greater than 
90 degrees, Ip* is equal to I 0 ; for 
conduction angles smaller than 90 
degrees, I P * is smaller than I c . 

The generai procedure for thè use 
of thè charts is as follows: 

(1) Identify thè unknown or de¬ 
sired parameter. 

(2) Determine thè values of thè 
parameters fìxed by thè Cir¬ 
cuit specifications. 

(3) Use thè appropriate curve to 
fìnd thè unknown quantity as 
a function of two of thè fìxed 
parameters. 

Example No. 1: In thè single- 
phase half-wave Circuit shown in 
Fig. 103, a 2N685 Silicon controlled 
rectifìer is used to control power 
from a sinusoidal ac source of 120 
volts rms (170 volts peak) into a 
2.8-ohm load. This application re- 
quires a load current which can be 
varied from 2 to 25 amperes rms. It 
is necessary to determine thè range 
of conduction angles required to ob¬ 
tain this range of load current. 

TYPEl 



X=o(o°< 8<9f) 

X=X 0 sin 9 (8f <9 <180°) 

"""f* ... 

Ip k =x 0 (O>0 f >9O°) 

XpK‘X 0 sin 8f (9O°<0f<l8O°[ 

Figure 103. Single-phase half-wave Circuit 
using resistive load, and respective equa- 
tions for device current. 

First, thè reference current I 0 is 
calculated, as follows: 

j Vp* 170 

I. - = -2J- = 61 amperes 






66 


RCA Transistor Manna! 


The ratios .of .Irma/Io for thè maxi¬ 
mum and minimum load-current 
values : are then calculated, as fol- 


[H 

[ Irms I 


= 0.033 


These current-ratio values are then 
applied to curve 3 of Fig. 100, and 
thè corresponding conduction angles 
are determined to be 

(e c ) min = 15 degrees 

(0 C ) max = 106 degrees 
Example No. 2: In thè single- 
phase full-wave bridge Circuit (two 
legs controlled) shown in Fig. 104, a 
Constant average load current of 
seven amperes is to be maintained 
while thè load resistance varies from 
0.2 to 4 ohms. In this case, it is 
necessary to determine thè variation 


32 VOLTS 
rms > 


45 VOLTS 
PEAK 



Again, thè first quantity to be cal¬ 
culated is thè reference current. Be- 
cause thè reference current varies 
with thè load resistance, thè maxi¬ 
mum and minimum values are de-, 
termined as follows: 


(Io) max 


(Rl) min 
45 

—— = 225 amperes 


(Io) min = 


(Rl) max 
45 

— —— = 11.2 amperes 

4 


The corresponding ratios of Iavg/Io 
are then calculated, as follows: 


[ir] 

[V] 


= 0.015 


= 0.312 


VfYPÉ 

2NI943A 


1=0(0 °< 9 < 9 f ) 

X=X 0 sin 6 .(0f<0<l8O°) 

/I80° 

X aV g =,/ ^ f Id ^ 

x ^4 /T / e r° xz ^ /z 

Xp k =I 0 CO°<0 f <9O») 

X pk =I 0 sin 8 S C9O°<0f<ieO' > ) 

Figure 104. Single-phase full-wave bridge 
Circuit using resistive load, and respective 
equations for device current. 

required in thè conduction angle. The 
average Silicon controlled rectifìer 
current is half thè load current, or 
3.5 amperes. The applicable current 
ratios for this circuit are shown in 
Fig. 100 (thè individuai device cur¬ 
rent s are half-wave although thè 
load current is full-wave). 


Finally, these ratios are applied to 
curve 2 of Fig. 100 to determine thè 
desired conduction values, as fol¬ 
lows : 

(0 C ) min = 25 degrees 

(0 C ) max = 165 degrees 

Example No. 3: In thè three-phase 
half-wave circuit shown in Fig. 105, 
thè firing angle is varied continu- 
ously from 30 to 155 degrees. In this 
case, it is necessary to determine 
thè resultant variation in thè at- 
tainable load power. Reference cur¬ 
rent for this circuit is determined 
as follows: 

V 85 

I. = - R '-= — — 28 amperes 

Rectifìer current ratios are de¬ 
termined from Fig. 102 for thè 
extremes of thè fìring range, as 
follows: 

6r = 30°;-^p^— = 0.49 

lo 

9* = 155°;-lp- = 0.06 
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Tunnel, Varactor, 
and Other Diodes 


TUNNEL DIODES 

TUNNEL diode is a small p-n 
junction device having a very 
high concentration of impurities in 
thè p-type and n-type semiconductor 
materials. This high impurity den- 
sity makes thè junction depletion 
region (or space-eharge region) so 
narrow that electrical charges can 
transfer across thè junction by a 
quantum-mechanical action called 
“tunneling”. This tunneling effect 
provides a negative-resistance region 
on thè characteristic curve of thè de¬ 
vice that makes it possible to achieve 
amplification, pulse generation, and 
rf-energy generation. 

Constrisction 

The structure of a tunnel diode is 
extremely simple, as shown in Fig. 
106. A small “dot” of highly con- 
ductive n-type (or p-type) material 
is alloyed to a pellet of highly con- 
ductive p-type (or n-type) material 
to form thè semiconductor junction. 


inductance, low-capacitance case. A 
very fine mesh screen is added to 
malte thè connection to thè “dot”. 
The device is then encapsulated, and 
a lid is welded over thè cavity. 

At thè present time, most commer- 
cially available tunnel diodes are 
fabricated from either germanium or 
gallium arsenide. Germanium devices 
offer high speed, low noise, and low 
rise times (as low as 40 picoseconds). 
Gallium arsenide diodes have a volt- 
age swing almost twice that of ger¬ 
manium devices, and, as a result, can 
provide power outputs almost four 
times as high. Because of their 
power-handling capability, gallium 
arsenide tunnel diodes are being used 
in an increasing number of applica¬ 
tion, and appear to be particularly 
useful as microwave oscillators. 

Characteristics 

Typical current-voltage character- 
istics for a tunnel diode are shown 
in Fig. 107. Conventional diodes do 



Figure 106. Structure of a tunnel diode. 


The pellet (approximately 0.025 inch not conduct current under conditions 
square) is then soldered into a low- of reverse bias until thè breakdown 
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Figure 107. TypicaJ current-voftage characteristic of a tunnel diode. 


voltage is reached; under forward 
bias they begin to conduct at ap¬ 
proximately 300 millivolts. In tunnel 
diodes, however, a small reverse bias 
causes thè valence electrons of semi¬ 
conductor atoms near thè junction to 
“tunnel” across thè junction from 
thè p-type region into thè n-type 
region; as a result, thè tunnel diode 
is highly conductive for all reverse 
biases. Similarly, under conditions of 
small forward bias, thè electrons in 
thè n-type region “tunnel” across 
thè junction to thè p-type region and 
thè tunnel-diode current rises rapidly 
to a sharp maximum peak Ip. At in¬ 
termediate values of forward bias, 
thè tunnel di ode exhibits a negative- 
resistance characteristic and thè cur¬ 
rent drops to a deep minimum valley 
point Iv. At higher values of forward 
bias, thè tunnel diode exhibits thè 
diode characteristic associated with 
conventional semiconductor current 
fìow. The decreasing current with in- 
creasing forward bias in thè negative- 
resistance region of thè characteristic 
provides thè tunnel diode with ita 
ability to amplify, oscillate, and 
switch. 

Equivalent Circuit 

In thè equivalent Circuit for a tun¬ 
nel diode shown in Fig. 108, thè n- 


type and p-type regions are shown as 
pure resistances ri and r 2 . The tran- 
sition region is represented as a 
voltage-sensitive resistanee R(v) in 
parallel with a voltage-sensitive ca- 
pacitance C(v) because tunneling is 



L r f. R(v) r 2 



C(v) 

Figure 108, Equivalent Circuit for a tunnel 
di ode, 

a function of both voltage and junc¬ 
tion capacitance. This capacitarne is 
similar to that of a parallel-plate 
capacitor having plates separated by 
thè transition region. 

The dashed portion L in Fig. 108 
representa an inductance which re¬ 
sulta from thè case and mounting of 
thè tunnel diode. This inductance is 
unimportant for low-frequency di¬ 
odes, but becomes increasingly im¬ 
por tant at high frequencies (above 
100 megacycles). 

Fig. 109 shows thè form of thè 
equivalent Circuit when thè diode is 
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biased so that its operating point is 
in thè negative-resistance region; 
dynamic chairacteristics of tunnel di- 
odes are defined with respect to this 
eircuit. Ls represents thè totalseries 


L s 



Figure 109. Equivalent Circuit for a tunnel 
diode biased in thè negative-resistance 
region. 

inductance, and Rg thè total series 
resistance. Cd is thè capacitance and 
— R d is thè negative resistance of 
thè diode. For small signal varia- 
tions, both thè resistance Rd and thè 
capacitance C D are Constant. 

The figure of merit F of a tunnel 
diode is equal to thè reciprocai of 
2 ttRC, where R and C are thè equiva¬ 
lent values — Rd and Cd, respectively, 
shown in Fig. 109. This expression 
has two very useful interpretations: 
(1) it is thè diode gain-bandwidth 
product for circuits operating in thè 
linear negative-resistance region of 
thè characteristic, and (2) its recip¬ 
rocai is thè diode switching time 
when thè device is used as a logie 
element. 

Applications 

When thè tunnel di ode is used in 
circuits such as amplifìers and oScil- 
lators, thè operating point must be 
established in thè negative-resistance 
region. The de load line, shown as 
a solid line in Fig. 110, must be very 
steep so that it interseets thè static 
characteristic curve at only one point 
A. The ac load line can be either 
steep with only one intersection B, 
as in thè case of an amplifier, or 
relatively fiat with three intersec- 
tions. C, D, and E, as in thè case of 
an oscillator. The location of thè op¬ 
erating point is determined by thè 
anticipated signal swing, thè required 
signal-to-noise ratio, and thè operat¬ 
ing temperature of thè device. Bias- 
ing at thè center of thè linear pórtion 


of thè negative-resistance slope per- 
mits thè greatest signal swing. For 
high-temperature operation, a higher 
operating current is chosen; for low 
noise, thè device is operated at thè 
lowest possible bias current. 



Figure 110. Typical load lines for tunnel- 
diode circuits. 


Because tunnel diodes can operate 
effectively at frequencies above 300 
megacycles, they are particularly 
suitable for use in microwave am¬ 
plifìers and oscillators. In microwave 
amplifier circuits, tunnel diodes offer 
low noise, as well as small size and 
weight, low cost, and low power 
drain. In addition, bandwidths in 
excess of an octave can readily be 
obtained because of thè wideband 
negative-resistance characteristic of 
tunnel diodes. However, this wide¬ 
band negative resistance makes sta- 
bilization an important problem in 
thè design of microwave tunnel- 
diode amplifìers. 

In microwave oscillator circuits, 
tunnel diodes can provide useful 
power outputs at frequencies as high 
as 5000 megacycles. Compared to 
vacuum-tube microwave oscillators, 
tunnel-diode oscillators are inexpen- 
sive, require only a fraction of a 
volt de bias, and are rugged and 
reliable in severe environments. 
Compared to transistor-driven var- 
actor frequency-multiplier circuits, 
they are simple and compact, and 
afford higher dc-to-rf conversion 
efficiencies. (More detailed infor- 
mation on microwave tunnel-diode 
circuits, as well as on other tunnel- 
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diode applications, is given in thè 
RCA TUNNEL-DIODE MANUAL 
TD-30.) 

As a two-terminal switch, thè tun¬ 
nel diode is particularly suited to 
computer applications because Of its 
high speed, small size, and low power 
consumption. Switching operation is 
obtained by thè use of a load line 
which interseets thè diode charac¬ 
teristic in three points, as shown irr 
Fig. 110 ; however, only points C and ! 
E are stable operating points. If thè 
Circuit is operated at point C and a 
positive current step of sufficient am- 
plitude is applied, thè operating point 
switches to point E. Correspondingly, 
a negative input signal switches thè 
operating point back to point C. 

An advantage of thè switching 
mode is its nonsensitivity to thè exact 
linearity of thè negative-resistance 
region of thè tunnel-diode character- 
istics. Slight irregularities in thè neg¬ 
ative characteristic have negligible 
effect on thè switching action. 

In thè basic monostable circuit or 
“gate” shown in Fig. llla, thè static 
load line is determined by thè resist- 



(b) 


Figure 111. Basic tunnel-diode logie Circuit 


ance R 0 and thè voltage V Q . If R 0 is 
less than thè minimum dynamic neg¬ 
ative resistance of thè diode, only a 
single operating point exists. The 
gate is stable in its low state if V 0 
is adjusted so that thè operating 
point is at E. The dynamic load line 
is determined by thè inductive time 
Constant L/Ro. When thè inductive 
time Constant is long compared to 
thè switching time t s , thè current in 
thè circuit is effectively Constant. 

If a small step of current I In is ap¬ 
plied to thè diode, thè operating point 
switches to thè high-voltage point 
F along thè constant-current path 
shown by thè dashed line in Fig. 
lllb. Removai of thè input causes 
thè operating point to move to F". 
At this point, thè energy stored in 
thè inductor L must be dissipated 
before thè circuit can return to its 
originai operating point. As thè en¬ 
ergy in thè inductor decreases, thè 
operating point moves along thè di¬ 
ode characteristic to thè point of 
minimum current at G. When this 
point is reached, switching again 
occurs along a constant-current path 
to point H. The cycle of operation is 
completed by a recovery region in 
which thè energy in thè inductor 
builds up to its originai level; during 
this period thè operating point moves 
up thè diode characteristic to thè 
starting point. 

Fig. 112a shows a simple tunnel- 
diode logie circuit. If thè static op¬ 
erating bias is adjusted so that only 
one input is required to trigger thè 
diode, an OR function is performed. 
If all inputs are required to trigger 
thè diode, an AND function is per¬ 
formed. Because thè coupling imped- 
ance is high compared to thè diode 
impedance, thè inputs can be con- 
sidered as current sources during 
thè triggering period. Fig. 112b 
shows thè biasing for a three-input 
AND gate. If thè operating-point 
bias is increased slightly, thè circuit 
can be made to trigger on two of its 
inputs ; thè logicai function per¬ 
formed would then be that of a 
“majority gate”. 
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Figure 112. Tunnel-diode "AND” gate. 


Radiation and Thermal 
Considerations 

One of thè most important features 
of thè tunnel diode is its resistance 
to nuclear radiation. Experimental 
results have shown tunnel diodes to 
be at least ten times more resistant 
to radiation than transistors. Because 
thè resistivity of tunnel diodes is so 
low initially, it is not critically af- 
fected by radiation until large doses 
have been applied. In addition, tun¬ 
nel diodes are less affected by ioniz- 
ing radiation because they are rela- 
tively insensitive to surface changes 
produced by such radiation. 

In generai, thè tunnel-diode volt- 
age-current characteristic is rela- 
tively independent of temperature. 
Specific tunnel-diode applications 
may be affected, however, by thè rel¬ 
ative temperature dependence of thè 
various circuit components. In such 
applications, negative feedback or 
direct (circuit) compensation may be 
required. 


HIGH-CURRENT 
TUNNEL DIODES 

High-current tunnel diodes are 
basically thè same as conventional 
tunnel diodes, except that they have 
a larger junction area to permit thè 
flow of higher currents. In addition, 
they use a different package (RCA 
high-current aevices generally use a 
rectifier package such as thè DO-4 
or DO-8), and have a much smaller 
value of series resistance (generally 
in thè order of 0.010 ohm or less). 

High-current tunnel diodes are 
used as low-voltage in verter s in cir- 
cuits having low-impedance de power 
sources. They can also be used for 
efficient inversion of thè output of 
solar cells, thermoelectric generators, 
or thermionic converters, and as 
overload detectors in de and ac 
power supplies, pulse generators, 
high-speed switches, and oscillators. 

Fig. 113 shows a simple overload- 
sensor circuit using a high-current 
tunnel diode. This circuit is a fast- 
acting sensitive overcurrent detector 
which can be used to protect sensi¬ 
tive loads from current surges or 
overloads. Other circuit arrange- 
ments can be used to protect thè 
power supply rather than thè load. 



Figure 113. Overload sensor circuit using 
tunnel diode. 


TUNNEL RECTIFIERS 

In addition to its negative-resist- 
ance properties, thè tunnel diode has 
an efficient rectification character¬ 
istic which can be used in many 
rectifier applications. When a tunnel 
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diode is used in a circuit in such a 
way that this rectification property 
is emphasized rather than its nega- 
tive-resistance characteristic, it is 
called a tunnel rectifier. In generai, 
thè peak current for a tunnel rec¬ 
tifier is less than one milliampere. 

The major differences in thè cur- 
rent-voltage characteristics of tunnel 
rectifiers and conventional rectifiers 
are shown in Fig. 114. In conven¬ 
tional rectifiers, current flow is sub- 
stantial in thè forward direction, but 
extremely small in thè reverse direc¬ 
tion (for signal voltages less than 
thè breakdown voltage for thè de¬ 
vice). In tunnel rectifiers, however, 
substantial reverse current flows at 
very low voltages, while forward 
current is relatively small. Conse- 
quently, tunnel rectifiers can provide 
rectification at smaller signal volt¬ 
ages than conventional rectifiers, 
although their polarity requirements 
are opposite. (For this reason, tun¬ 
nel rectifiers are sometimes called 
‘ffiack diodes,”) 



Figure 114. Current-voftage characteristics 
of tunnel rectifier and conventional rectifier. 


Because of their high-speed capa- 
bility and superior rectification char¬ 
acteristics, tunnel rectifiers can be 
used to provide coupling in one di¬ 
rection and isolation in thè opposite 
direction. Fig. 115 shows thè use of 
tunnel rectifiers to provide direc- 
tional coupling in a tunnel-diode 
logie circuit. 



Figure 115. Logic Circuit using a tunnel 
diode and three tunnel rectifiers. 


VARACTOR DIODES 

A varactor or variable-reactance 
diode is a microwave-frequency p-n 
junction semiconductor device in 
which thè depletion-layer capacitance 
bears a nonlinear relation to thè junc¬ 
tion voltage, as shown in Fig. 116a. 
When biased in thè reverse direction, 
a varactor diode can be represented 
by a voltage-sensitive capacitance 
C(v) in series with a resistance R s , 
as shown in Fig. 116b. This nonlinear 
capacitance and low series resistance, 
which permit thè device to perforai 
frequency-multiplication, oscillation,. 
and switching functions, result from 
a very high impurity concentration 



(a) (b) 


Figure 116. (a) Capacitance-voltage rela- 
tionship and (b) equivalent circuits for a 
varactor diode. 

outside thè depletion-layer region 
and a relatively low concentration at 
thè junction. Very low noise levels 
are possible in circuits using varactor 
diodes because thè dominant current 
across thè junction is reactive and 
shot-noise components are absent. 
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Reactive nonlinearity, without an 
appreciable series resistance com¬ 
ponent, enables varactor diodes to 
generate harmonics with very high ef- 
ficiency in circuits such as thè shunt- 
type frequency multiplier shown in 
Fig. 117. The circuit is driven by a 
sinusoidal voltage source V* having 



Figure 117. Varactor-diode frequency 
multiplier. 

a fundamental frequency f and an 
internai impedance Z fl . Because thè 
ideal input filter is an open circuit 
for all frequencies except thè funda¬ 
mental frequency, only thè funda¬ 
mental component of current ir can 
flow in thè input loop. A second- 
harmonic current Ut is generated by 
thè varactor diode and flows toward 
thè Ioad Z L ; another ideal filter is 
used in thè output loop to block thè 
fundamental-frequency component of 
thè input current. 

Varactor diodes can amplify sig- 
nals when their voltage-dependent 
capacitance is modulated by an alter- 
nating voltage at a different fre¬ 
quency. This altemating voltage 
supply, which is often referred to as 
thè “pump”, adds energy to thè sig- 
nal by changing thè diode capaci¬ 
tance in a specifìc phase relation with 
thè stored signal charge so that po- 
tential energy is added to this charge. 
An “idler” circuit is generally used 
to provide thè proper phase relation- 
ship between thè signal and thè 
“pump”. 

VOLTAGE-REFERENCE DIODES 

Vóitage-referenee or zener diodes 
are Silicon rectifiers in which thè re- 
verse current remains small until 
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thè breakdown voltage is reached • 
and then increases rapidly with little 
further increase in voltage. The 
breakdown voltage is a function of 
thè diode material and construction, 
and càn be varied fròm one volt to 
several hundred volts fòr J various 
current and power ratings, depending 
on thè junction area and thè method 
of cooling. A stabilized supply can 
deliver a Constant output (voltage or 
current) unaffected by temperature, 
output load, or input voltage, withih 
given limits. The stability provided. 
by voltage-reference diodes makes 
them useful as stabilizing devices and 
as reference sources capable of sup- 
plying extremely Constant current 
loads. 

COMFENSATING DIODES 

Excellent stabilization of collector 
current for variations in both supply 
voltage and temperature can- be ob- 
tained by thè use of a còmpensating 
diode operating in thè forward di¬ 
rection in thè bias network of ampli- 
fìer or oscillator circuits. Fig. 118 
shows thè transfer characteristics of 
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Figure 118. Transfer characteristics of 
transistor. 

a transistor; Fig. 119 shows thè for¬ 
ward characteristics of a compensat- 
ing diode. In a typical circuit', thè 
diode is biased in thè forward direc¬ 
tion; thè operating point is repre- 
sented on thè diode characteristics 
by thè dashed horizontal line. The 
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Figure 119. Foryvard characteristics of 
còmpensating diode. 


diode current at this point deter- 
mines a bias voltage which estab- 


lishes thè transistor idling current. 
This bias voltage shifts with varying 
temperature in thè same direction 
and magnitude as thè transistor char- 
acteristic, and thus provides an idling 
current that is essentially independ- 
ent of temperature. 

The use of a còmpensating diode 
also reduces thè variation in tran¬ 
sistor idling current as a result of 
supply-voltage variations. Because 
thè diode current changes in propor- 
tion with thè supply voltage, thè bias 
voltage to thè transistor changes in 
thè same proportion and idling-cur- 
rent changes are minimized. (The 
use of diode compensation is dis- 
cussed in mure detail under “Biasing” 
in thè Transistor Applications Sec- 
tion.) 
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Transistor Installation 


npHIS section covers installation 
-L suggestions and precautions 
which are generally applicable to all 
types of transistors. Careful observ- 
ance of these suggestions will help 
experimenters and technicians to ob- 
tain thè best results from semi¬ 
conductor devices and circuita 

ELECTR1CAL CONNECTIONS 

The collector, base, and emitter 
terminals of transistors can be con- 
nected to associated Circuit elements 
by means of sockets, clips, or solder 
connections to thè leads or pins. If 
connections are soldered dose to thè 
lead or pin seals, care must be taken 
to conduct excessive heat away from 
thè seals, otherwise thè heat of thè 
soldering operation may crack thè 
glass seals and damage thè tran¬ 
sistor. When dip soldering is em- 
ployed in thè assembly of printed 
circuits using transistors, thè tem¬ 
perature of thè solder should be 
limited to about 225 to 250 degrees 
centigrade for a maximum immersion 
period of 10 seconds. Furthermore, 
thè leads should not be dip-soldered 
too dose to thè transistor case. Under 
no circumstances should thè mount- 
ing flange of a transistor be soldered 
to a heat sink because thè heat of 
thè soldering operation may perma- 
nently damage thè transistor. 

When thè metal case of a transis¬ 
tor is connected internaliy to thè 
collector, thè case operates at thè col¬ 
lector voltage. If thè case is to oper¬ 
ate at a voltage appreciably above 


or below ground potential, considera- 
tion must be given to thè possibility 
of shock hazard and suitable precau¬ 
ti onary measures taken. 

TESTING 

A quick check can be made of tran¬ 
sistors prior to their installation in 
a circuit by resistance measurements 
with an electronic voltmeter (such as 
a VoltOhmyst*). Resistance between 
any two electrodes should be very 
high (more than 10,000 ohms) in 
one direction, and considerably lower 
in thè other direction (100 ohms or 
less between emitter and base or col¬ 
lector and base; about 1000 ohms 
between emitter and collector). It is 
very important to limit thè amount 
of voltage used in such tests (par- 
ticularly between emitter and base) 
so that thè breakdown voltages of 
thè transistor will not be exceeded; 
otherwise thè transistor may be dam- 
aged by excessive currents. 

TEMPERATURE EFTECTS 

Many transistor characteristics are 
sensitive to variations in tempera¬ 
ture, and may change enough at high 
operating temperatures to alfect Cir¬ 
cuit performance. Fig. 120 illustrates 
thè effect of increasing temperature 
on thè common-emitter forward cur- 
rent-transfer ratio (beta), thè de 
collector-cutoff current, and thè in¬ 
put and output impedances. To avoid 
undesired changes in circuit opera¬ 
tion, it is recommended that tran- 

♦Trade Mark Reg. U.S. P&t. Off. 


sistors be located away from heat 
sources in equipment, and also that 
provisions be made for adequate heat 
dissipation and, if necessary, for 
temperature compensation. 



Figure 120. Variation of transistor char¬ 
acteristics with temperature. 


HEAT SINKS 

In some transistors, thè collector 
electrode is connected internally to 
thè metal case to improve heat-dis- 
sipation capabilities. More efficient 
cooling of thè collector junction in 
these transistors can be accomplished 
by connection of thè case to a heat 
sink. It is recommended that a 0.002- 
inch mica insulator or an anodized 
aluminum insulator having high 
thermal conductivity be used between 
thè transistor base and thè heat sink, 
usually thè chassis. The insulator 
should extend beyond thè mounting 
clamp, as shown in Fig. 121. It 
should be drilled or punched to pro¬ 
vide both thè two mounting holes 
and thè clearance holes for thè col¬ 
lector, emitter, and base pins. Burrs 
should be removed from both thè in¬ 
sulator and thè holes in thè chassis 
so that thè insulating layer will not 
be destroyed during mounting. It is 
also recommended that a fiber washer 
be used between thè mounting bolt 
and thè chassis, as shown in Fig. 
121, to prevent a short circuit be¬ 
tween them. 

The use of an external resistance 
in thè emitter or collector circuit of 
a transistor is an effective deterrent 
to damage which might be caused 


by thermal runaway. The minimum 
value of this resistance for low-level 
stages may be obtained from thè 
following equation: 



where E is thè de collector supply 
voltage in volts, Po is thè product of 
thè collector-to-emitter voltage and 
thè collector current at thè desired 
operating point in watts, and K is 
thè thermal resistance of thè tran¬ 
sistor and heat sink in degrees cen¬ 
tigrade per watt. 



LOCK NUT. 
10-32 " 




Figure 121. Suggested mourrting arrange¬ 
ment for transistor on heat sink. 


SHIELDING 

.In high-frequency stages having 
high gain, undesired feedback may 
occur and produce harmful effeets on 
circuit performance unless shielding 
is used. The output circuit of each 
stage is usually shielded from thè 
input of thè stage, and each high- 
frequency stage is usually shielded 
from other high-frequency stages. It 
is also desirable to shield separately 
each unit of thè high-frequency 
stages. For example, each if and rf 
coil in a superheterodyne receiver 
may be mounted in a separate shield 
can, Baffle plates may be mounted 
on thè ganged tuning capacitar to 
shield each section of thè capacitar 
from thè other section. 
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r: The shielding preeautions : requiréd 
; in a eireuit depend on thè design of 
thè - eireuit and thè layout of thè 
parts. When thè; metal case óf a 
transistor is grounded at thè socket 
terminal, thè grounding connection 
should fie as shprt as possible to min- 
imize lead iridfictance. Many transis- 
tors have a separate lead connected 
to thè case and used as a ground 
lead; where present, these leads are 
indicated in thè terminal diagrams. 

DRESS OF CIRCUIT LEADS 

At high frequencies such as are 
encountered in FM and television re- 
ceivers, lead dress (i.e., thè location 
and arrangement of thè leads used 
for connections in thè receiver) is 
very important. Because even a short 
lead provides a large impedance at 
high frequencies, it is necessary to 
keep all high-frequency leads as short 
as possible. This precaution is espe- 
cially important for ground connec¬ 
tions and for all connections to 
bypass capacitors and high-frequency 
filter capacitors. It is recommended 
that a common ground return be 
used for each stage, and that short, 
direct connections be made to thè 


: common : ground point. The emìtter 
-lead especially should be kept as 
short as possible. i 

: Particular care should be taken 
with thè lead dress of thè input-and 
output circuits of high-frequency 
stages so that thè possibility of stray 
coupling is minimized. Unshielded 
leads connected to shielded compo- 
nents should be dressed dose to thè 
chassis. 

In high-gain audio amplifìers, these 
same preeautions should be taken to 
minimize thè possibility of self- 
oscillation. 


FILTERS 

Feedback effeets may occur in ra¬ 
dio or television receivers as a result 
of coupling between stages through 
common voltage-supply circuits. Fil- 
ters fìnd an important use in mini- 
mizing such effeets. They should be 
placed in voltage-supply leads to 
each transistor to provide isolation 
between stages. 

Capacitors used in transistor rf 
circuits, particularly at high frequen¬ 
cies, should be mica or ceramic. For 
audio bypassing, electrolytic capaci¬ 
tors are required. 


InterpretatiGn of Data 


riTHE technical data for RCA tran- 
sistors given in thè following sec- 
tion include ratings, characteristics, 
typical operation values, and char- 
acteristic curves. Unless otherwise 
specified, all voltages and currents 
are de values, and all values are ob- 
tained at an ambient temperature of 
25 degrees centigrade. 

Ratings are established for semi¬ 
conductor devices to help equipment 
designers utilize thè performance 
and Service capabilities of each type 
to. thè best advantage. These ratings 
are based on careful study and ex- 
tensive testing, and indicate limits 
within which thè specified character¬ 
istics must be maintained to ensure 
satisfactory performance. The maxi¬ 
mum ratings given for thè semi¬ 
conductor devices included in this 
Manual are based on thè Absolute 
Maximum System. This System has 
been defined by thè Joint Electron De¬ 
vice Engineering Council (JEDEC) 
and standardized by thè National 
Electrical Manufacturers Association 
(NEHA) and thè Electronic Indus¬ 
tries Association (EIA). 

_ Absolute-maximum ratings are 
limiting values of operating and en- 
vironmental conditions which should 
not be exceeded by any device of a 
specified type under any condition of 
operation. Effective use of these 
ratings requires dose control of 
supply-voltage variations, component ■ 
variations, equipment-control adjust- 
ment, load variations, signal varia¬ 
tions, and environmental conditions. 


Electrode voltage and current rat¬ 
ings for transistors are in generai 
self-explanatory, but a brief eXplana- 
tion of some ratings will aid in thè 
understanding and interpretati on of 
transistor data. 

Voltage ratings are established 
with reference to a specified elec¬ 
trode (e.g., collector-to-emitter volt¬ 
age), and indicate thè maximum 
potential which can be placed across 
thè two given electrodes before crys- 
tal breakdown occurs. These ratings 
may be specified with thè third elec¬ 
trode open, or with specific bias volt¬ 
ages or extemal resistances. 

Transistor dissipation is thè power 
dissipated in thè form of heat by thè 
collector. It is thè difference between 
thè power supplied to thè collector 
and thè power deli ver ed by thè tran¬ 
sistor to thè load. Because of thè 
sensitivity of semiconductor mate- 
rials to variations in thermal condi¬ 
tions, maximum dissipation ratings 
are usually given for specific tem¬ 
perature conditions. 

For many types, thè maximum 
value of transistor dissipation is spec¬ 
ified for ambient, case, or mounting- 
flange temperatures up to 25 degrees 
centigrade, and must be reduced 
linearly for higher temperatures. For 
such types, Fig. 122 can be used to 
determine maximum permissible dis¬ 
sipation values at particular tem¬ 
perature conditions above 25 degrees 
centigrade. (This figure cannot be 
assumed to apply to types other than 
those for which it is specified in thè 
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Figure 122. Chart showìng maximum permissible percentage of maximum rated 
dissìpation as a function of temperature. 


data section.) The curves show thè 
permissible percentage of thè maxi¬ 
mum dissipation ratings as a fun$- 
tion of ambient or case temperature. 
Individuai curves are plotted for 
maximum operating temperatures of 
50, 71, 85, 100, 175, and 200 degrees 
centigrade. If thè maximum operat¬ 
ing temperature of a desired tran¬ 
sistor type is some other value, a 
new curve can be drawn from point 
A in thè figure to thè desired maxi¬ 
mum temperature value on thè 
abscissa. 

To use thè chart, it is necessary to 
know thè maximum dissipation rat¬ 
ing and thè maximum operating tem¬ 
perature for a given transistor. The 
calculation then involves only two 
steps : 

1. A vertical line is drawn at thè 
desired operating temperature value 
on thè abscissa to intersect thè curve 
representing thè maximum operating 
temperature specifìed for thè tran¬ 
sistor. 

2. A horizontal line drawn from 
this intersection point to thè ordi¬ 
nate establishes thè permissible per¬ 
centage of thè maximum dissipation 


for thè transistor at thè given tem¬ 
perature. 

The following example illustrates 
thè calculation of thè maximum per¬ 
missible dissipation for transistor 
type 2N1490 at a case temperature 
of 100 degrees centigrade. This type 
has a maximum dissipation rating of 
75 watts at a case temperature of 25 
degrees centigrade, and a maximum 
permissible case-temperature rating 
of 200 degrees centigrade. 

1. A perpendicular line is drawn 
from thè 100-degree point on thè 
abscissa to thè 200-degree curve. 

2. The projection of this point to 
thè ordinate indicates a percentage 
of 57.5. 

Therefore, thè maximum permis¬ 
sible dissipation for thè 2N1490 at 
a case temperature of 100 degrees 
centigrade is 0.575 times 75, or ap- 
proximately 43 watts. 

Semiconductor devices require 
dose control of thermal variations 
not only during operation, but also 
during Storage. For this reason, thè 
maximum ratings for transistors 
usually include a maximum permis¬ 
sible Storage temperature, as well as 
a maximum operating temperature. 


Characteristics are covered in thè 
Transistor Characteristics Section, 
and such data should be interpreted 
in accordance with thè defìnitions 
given in that section. Characteristic 
curves represent thè characteristics 
of an average transistor. Individuai 
transistors, like any manufactured 
product, may have characteristics 
that range above or below thè values 
given in thè characteristic curves. 
Although some curves are extended 
beyond thè maximum ratings of thè 
transistor, this extension has been 
made only for convenience in calcula- 
tions; no transistor should be oper- 
ated outside of its maximum ratings. 

Although transistor symbols have 
not yet been standardized for thè 
industry, many symbols have become 
fairly well established by common 
usage. Some of thè more familiar 
transistor symbols are listed and 
defìned below. Unless otherwise spec¬ 
ifìed, thè symbols represent param- 
eters measured under de or static 
conditions, 

BVobo collector-to-base breakdown 
voltage with emitter open 
BVobo collector-to-emitter break¬ 
down voltage with base open 
BVcbb collector-to-emitter break¬ 
down voltage with specifìed 
resistance between base and 
emitter 

BVoebl collector-to-emitter break¬ 
down voltage with specifìed 
resistance between base and 
emitter and with a specifìed 
load resistance in thè collec- 
tor circuit. 

BVcbs collector-to-emitter break¬ 
down voltage with base 
short-circuited to emitter 
BVobv collector-to-emitter break¬ 
down voltage with base 
biased in thè reverse direc¬ 
tion with respect to emitter 
BVobx collector-to-emitter break¬ 
down voltage with base 
biased in thè reverse direc¬ 
tion with respect to emitter 
through a specifìed circuit 
or under specifìed conditions 
BVbbo emitter-to-base breakdown 
voltage with collector open 


Cib 

common-base input capaci- 
tance (emitter to base) 

Ci. 

common-emitter input capa¬ 
citale (base to emitter) 

Cob 

common-base output capaci¬ 
tale (collector to base) 

Co. 

common-emitter output ca¬ 
paci tance (collector to emit¬ 
ter) 

fhfb 

small-signal common-base* 
forward - current - transfer - 
ratio cutoff frequency 

fhf® 

small-signal common-emit¬ 
ter forward-current-trans- 
fer-ratio cutoff frequency 

Ìt 

gain-bandwidth product 
(measured in thè common- 
emitter circuit) 

hiro 

common-base forward cur- 
rent-transfer ratio 

hfb 

small-signal common-base- 
forward current-transfer 
ratio 

hpH 

common-emitter forward. 
current-transfer ratio 

h f( 

small-signal common-emit¬ 
ter forward current-transfer- 
ratio 

ha» 

common-base open-circuit 
reverse voltage-transfer 
ratio 

huB) 

common-emitter open-cir- 
cuit reverse voltage-transf er- 
ratio 

Ib 

base current 

Io 

collector current 

IcBO 

collector-cutoff current with 
emitter open 

Igeo 

collector-cutoff current with: 
base open 

Ib 

emitter current 

Ibbo 

emitter-cutoff current with 
collector open 

Po 

collector dissipation 

Pt 

total transistor dissipation 

Qsb 

stored base charge 

VbO 

base-to-collector voltage 

Vbb 

base-to-emitter voltage 

VcB 

collector-to-base voltage 

Vera 

collector-to-emitter voltage 

Vbb 

emitter-to-base voltage 

Vbo 

emitter-to-collector voltage 

Vbt 

reach-through (or punch- 
through) voltage 




Selection Charts 


TTÌ HE accompanying chartS; classify 
1 RCA semiconductor deyices by 
function and by performance level. 
These charts are particularly useful 
for an initial selection of suitable 
transistors or rectifìers for a specific 
application. More complete data on 


these devices, given in thè Technical 
Data Section, should then be con- 
sulted to determine thè most suitable 
type. For information on tunnel 
diodes and varactor diodes, refer to 
thè charts on pages 324 and 328, re- 
spectively. 


TRANSISTORS 


AUDIO FREQUENCY APPLICATIONS 

Smai! Sjgnal—Class A 


2N104 

2N220 

2N2614 

2N175 

2N1010 

2N3118 

2N215 

2N2613 


Driver 

2N405 

2N591 

2N3054 

2N406 

2N2953 

2N3055 

Large Signal- 

-Class A and Class B 

2N109 

2N649 

2N2870/ 

2N217 

2N2147 

2N301A 

2N270 

2N2148 

40022 

2N407 

2N2869/ 

40050 

2N408 

2N647 

2N301 

40051 


Power Amplifìer 

Dissipations up to b.9 W 
2N699 2N1492 2N1613 

2N1099 2N1493 2N1711 

2N1491 

Dissipations from 5 to U9.9 W 
2N176 2N1068 2N1184 

2N351 2N1183 2N1184A 

2N376 2N1183A 2N1184B 

2N1067 2N1183B 2N1479 


2N1480 2N1701 2N2869/ 

2N1481 2N1768 2N301 

2N1482 2N1769 2N2870/ 

2N1483 2N2102 2N301A 

2N1484 2N2147 2N3054 

2N1485 2N2148 40022 

2N1486 2N2270 

2N1700 2N2339 

Dissipations of 50 W or More 

2N173 2N1100 2N1514 

2N174 2N1358 2N1702 

2N277 2N1412 2N1703 

2N278 2N1487 2N1905 

2N441 2N1488 2N1906 

2N442 2N1489 2N2015 

2N443 2N1490 2N2016 

2N1069 2N1511 2N2338 

2N1070 2N1512 2N3055 

2N1099 2N1513 

POWER CONVERTER APPLICATIONS 

DC-to-DC 

2N2869/2N301 2N2870/2N301A 

DC-to-AC 

2N2869/2N301 2N2870/2N301A 

RADIO-FREQUENCY APPLICATIONS 

UHF Converter 

2N2857 
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VHF or HF Conveller 

. :. ' 

2N140 

2N1023 

2N1396 

2N219 : 

2N1066 

2N1397 

2N274 : 

2N1224 

2N1526 

2N384 

2N1225 

2N1527 

2N411 

2N1226 

2N1&39 

2N412 

2N1395 


IF Acnpiifier 

2N139 

2N1023 

2N1395 

2N218 

2N1066 

2N1396 

2N274 

2N1180 

2N1397 

2N384 

2N1224 

2N1524 

2N409 

2N1225 

2N1525 

2N410 

2N1226 

2N1638 

Mixer 

2N274 ■' 

2N1179 

2N1396 

2N372 

2N1224 

2N1397 

2N384 

2N1225 

2N2708 

2N1023 

2N1226 


2N1066 

2N1395 


Oscillator 

2N2857 

VHF 

VHF or HF 

2N274 

2N1178 

2N1396 

2N371 

2N1224 

2N1397 

2N384 

2N1225 

2N2708 

2N1023 

2N1226 


2N1066 

2N1395 


Amplifìer 

2N2857 

2N384 

VHF 

VHF 

2N1225 

2N2482 

2N699 

2N1396 

2N2631 

2N914 

2N1397 

2N2708 

2N1023 

2N1491 

2N2876 

2N1066 

2N1492 

2N3118 

2N1177 

2N1493 


2N274 

HF 

2N1225 

2N1493 

2N370 

2N1226 

2N1631 

2N384 

2N1395 

2N1632 

2N708 

2N1396 

2N1637 

2N1Ó23 

2N1397 

2N2273 

2N1066 

2N1491 

2N3118 

2N1224 

2N1492 



COMPUTER SWITCHING APPLICATIONS 

Low-Speed Switching 

(Stage Delays Greater than 
: 300 Nanoseeonds*) 
2N398 2N398B 

2N398A 2N586 


Medium-Speed Switching 

(Stage Delays of 100 to 300 
Nanoseeonds*) 

2N388 2N582 2N1305 

2N388A 2N585 2N1306 

2N395 2N1090 2N1307 

2N396 2N1091 2N1308 

2N396A 2N11691 2N1309 

2N397 2N1170t 2N13191 

2N404 2N1302 2N1605 

2N404A 2N1303 2N1605A 

2N414 2N1304 3907/2N404 

2N581 


High-Speed Switching 

(Stage Delays of 30 to 100 
Nanoseeonds*) 

2N697 2N1384 2N1854 

2N1300 2N1683 2N2476 

2N1301 2N1853 2N2477 

Very-High-Speed Switching 

(Stage Delays of IO to SO 

Nanoseeonds*) 

2N705 2N834 2N965 

2N706 2N914 2N966 

2N706A 2N960 2N967 

2N708 2N961 2N1708 

2N710 2N962 2N2205 

2N711 2N963 2N2206 

2N828 2N964 


Ultra-High-Speed Switching 

(Stage Delays of 5 to IO 
Nanoseeonds* ) 

2N709 2N955A 2N2938 

2N955 2N2475 


High-Speed Saturated Switching 
2N960 2N963 2N966 

2N961 2N964 2N967 

2N962 2N965 2N2938 


* Measured in resistor-capacitor-transistor 
logie Circuit. Nanoseeonds = IO " 8 sec- 
onds. 

t Bidirèctional type. 
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POWER SWTTCHING APPLICATIONS 


Dissipations up to £.9 W 


2N697 

2N1092 

2N2895 

2N699 

2N1613 

2N2896 

2N706 

2N1708 

2N2897 

2N706A 

2N1711 

2N2898 

2N708 

2N1893 

2N2899 

2N718A 

2N2205 

2N2900 

2N720A 

2N2206 

2N3119 

2N834 

2N2476 

40084 

2N914 

2N2477 



Dissipations from 

5 W to U9.9 W 

2N1067 

2N1480 

2N1768 

2N1068 

2N1481 

2N1769 

2N1183 

2N1482 

2N2102 

2N1183A 

2N1483 

2N2270 

2N1183B 

2N1484 

2N2339 

2N1184 

2N1485 

2N2405 

2N1184A 

2N1486 

2N3053/ 

2N1184B 

2N1799 

40053 

2N1479 

2N1701 

2N3054 


Dissipations of 50 W or More 


2N173 

2N1358 

2N1703 

2N174 

2N1412 

2N1905 

2N277' 

2N1487 

2N1906 

2N278 

2N1488 

2N2015 

2N441 

2N1489 

2N2016 

2N442 

2N1490 

2N2338 

2N443 

2N1511 

2N3055 

2N1069 

2N1512 

2N3263 

2N1070 

2N1513 

2N3264 

2N1099 

2N1514 

2N3265 

2N1100 

2N1702 

2N3266 


Hìgh-V&ttage Saturated Switcfiing 
2N3119 

Higti-Voltage, High-ÌFretiirency Pulse-AmpSlIier 
2N3119 

VIDEO AMPLINE!* APPLICATIONS 

2N274 2N1224 2N1397 

2N384 2N1225 2N1491 

2N699 2N1226 2N1492 

2N1023 2N1395 2N1493 

2N1066 2N1396 


RECT1FIERS 


TYPE 

MAX. PEAK MAX. AMBIENT 

REVERSE TEMPERATURE 

VOLTS (Operating — °C) 

Average 

Forward Current = 

0.125 A (Note 1) 


1N3754 

100 

100 

1N3755 

200 

100 

1N3756 

400 

100 

Average Forward Current 

= 04 A 

1N3563 

1000 

100 

Average Forward Current 

= 0.5 A 

1N1763 

400 

100 

1N1764 

500 

100 

1N3196 

800 

100 

1N3256 

800 

100 

Average Forward Current 

= 0.75 A 

1N440B 

100 

165 

1N441B 

200 

165 

1N442B 

300 

165 

1N443B 

400 

165 

1N444B 

500 

150 

1N445B 

600 

150 

1N536 

50 

165 

1N537 

100 

165 


TYPE 

MAX. PEAK 

IRE VERSE 
V81.TS 

MAX. AMBIENT 
TEMPERATURE 
(Operatine — °C) 

1N538 

200 

165 

1N539 

300 

165 

1N540 

400 

165 

1N547 

600 

165 

1N1095 

500 

165 

1N2859 

100 

125 

1N2860 

200 

125 

1N2861 

300 

125 

1N2862 

400 

125 

1N2863 

500 

125 

1N2864 

600 

125 

1N3193 

200 

100 

1N3194 

400 

10O 

1N3195 

600 

100 

1N3253 

200 

100 

IN3254 

400 

100 

1N3255 

600 

100 

Average Forward Current = 5 A 

1N1612 

(Note 2) 
50 

175 

1N1613 

100 

175 

1N1614 

200 

175 

1N1615 

400 

175 

1N1616 

600 

175 


RECTI FI ERS (cont’cf) 


TYPE 

MAX. PEAK 
REVERSE 
VOLTS 

MAX. AMBIENT 
TEMPERATURE 
(Operating— 

Average Forward Current — 10 A 

40108 

(Note 2) 
50 

175 

40109 

100 

175 

40110 

200 

175 

40111 

300 

175 

40112 

400 

175 

40113 

500 

175 

40114 

600 

175 

40115 

800 

175 

40116 

1000 

175 

Average Forward Current — 12 A 

1N1199A 

(Note 2) 

50 

200 

1N1200A 

100 

200 

1N1202A 

200 

200 

1N1203A 

300 

200 

1N1204A 

400 

209 

1N1205A 

500 

200 

1N1206A 

600 

200 

Average Forward Current = 18 A 

40208 

(Note 2) 

50 

175 

40209 

100 

175 

40210 

200 

175 

40211 

300 

175 

40212 

400 

175 

40213 

500 

175 

40214 

600 

175 

Average Forward Current = 20 A 

1N248C 

(Note 2) 
55 

175 

1N249C 

110 

175 

1N250C 

220 

175 

1N1195A 

300 

175 

1N1196A 

400 

175 

1N1197A 

500 

175 

1N1198A 

600 

175 

Average Forward Current — hO A 

1N1183A 

(Note 2) 

50 

200 

1N1184A 

100 

200 

1N1186A 

200 

200 

1N1187A 

300 

175 

1N1188A 

400 

175 

1N1189A 

500 

175 

1N1190A 

600 

175 


TYPE 

MAX. PEAK 
REVERSE 
VOLTS 

MAX. AMBIENT 
TEMPERATURE 
(Operating— 1 *0 

High-Voltage, Low-Current Types 

CR101 

1200 

125 

CR102 

2000 

125 

CR103 

3000 

125 

CR104 

4000 

125 

CR105 

5000 

125 

CR106 

6000 

125 

CR107 

7000 

125 

CR108 

8000 

125 

CR109 

9000 

125 

CR110 

10000 

125 

CR201 

1500 

125 

CR203 

3000 

125 

CR204 

4500 

125 

CR206 

6000 

125 

CR208 

8000 

125 

CR210 

10000 

125 

CR212 

12000 

125 

CR301 

2400 

125 

CR302 

3600 

125 

CR303 

4800 

125 

CR304 

6000 

125 

CR305 

7200 

125 

CR306 

8400 

125 

CR307 

9600 

125 

CR311 

2400 

125 

CR312 

3600 

125 

CR313 

4800 

125 

CR314 

6000 

125 

CR315 

7200 

125 

CR316 

8400 

125 

CR317 

9600 

125 

CR321 

2400 

125 

CR322 

3600 

125 

CR323 

4800 

125 

CR324 

6000 

125 

CR325 

7200 

125 

CR331 

2400 

125 

CR332 

3600 

125 

CR333 

4800 

125 

CR334 

6000 

125 

CR335 

7200 

125 

CR341 

2400 

125 

CR342 

3600 

125 

CR343 

4800 

125 

CR344 

6000 

125 

CR351 

2400 

125 

CR352 

3600 

125 

CR353 

4800 

125 

CR354 

6000 

125 


NOTE 1: With capacitive load. All other current values are for resistive or induc 
tive load. 

NOTE 2: Types in these groups are available in reverse-polarity versions. Maxi 
mum operatine temperaiures are case temperatures. 
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SILICON GONTROLLED RECTIFÌERS 


TYPE 

MAX, PEAK 
REVERSE 
VOLTS; 

MAX. AMBIENT 
TEMPERATURE 
(Operating—°C) 

type 

MAX,-PEAK 
RÉVERSE 
V0LTS 

IMAX. AMBIENT 
TEMPERATURE 
[<0perating^- p C) 

Average Forward Current ■— 3:2 A 

Average 

Forward Current 

= 16 A 

2N3228 

200 

100 

I 2N681 

25 


125 

Average Forward Current =± ; 10 A 

i 2N682 ' 
2N683 

5Ò 

100 


125 

125 

2N1842A 

25 

125 

2N684 

150 


125 

2N1843A 

50 

125 

2N685 

200 


125 

2N1844A 

100 

125 

2N686 

250 


125 

2N1845A 

150 

125 

2N687. 

300 


125 

2N1846A 

200 

125 

2N688 ■ 

400 


125 

2N184-7A 

250 

125 

2N689 

500 


125 

2N1848A 

300 

125 

Other 




2N1849A 

400 

125 




2N1850A 

500 

125 

40216 

600 


125 


TUNNEL AND VARACTOR DIODES 

See charts at end of Technical 
Data Section for complete data. 


Technical Data 


rphis section contains technical descriptions of current RCA transistors, 
diodes, Silicon controlled rectifìers, and other semiconductor devices. These 
types are listed according to thè numerical-alphabetical-numerical sequence 
of their type designations. It also contains tabular data on RCA discontinued 
transistors (see page 323). In addition, this section has been expanded to in¬ 
clude thè following important semiconductor devices; 




For data, see pages 

• 

Fin-mounted Silicon rectifìers 

320 

• 

Tunnel diodes and tunnel rectifìers 

324 

• 

Varactor diodes 

328 


For Key to Terminal Diagrams, see inside back cover. 


SILICON RECTIFIER 

tha, Hermetically seàled 20-ampere | |SJ248/\ 

/T\ types used in generator-type power 

( v 1 supplies in mobile equipment; dc-to- 1N248B 

l —4- > J de converters and battery chargers; 

\l/ power supplies for aircraft, marine, 1N248C 

TsTic and missile equipment; transmitters, 

rf generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifìcations. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. DO-5 package; outline 3, Outlines Section. Types 1N248A and 1N248B are 
discontinued types listed for reference only; they are similar to type 1N248C 
except for some slightly lower ratings, and can be directly replaced by type 
1N248C. Type 1N248C is identical with type 1N1198A except for thè following 
items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 

RMS Supply Voltage . 

DC Blocking Voltage ...... 

. 55 max 

volts 

volts 

volts 

CH.ARACTERISTICS 



Maximum Reverse Current: 

Dynamic* .. 

... 3-8 

ma 


* Average vàlue for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature = 15CrC. 
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SILICON RECTIFIER 


1 M9AAPA These types are reverse-polarity 

MNZHOUM versions 0 f types 1N248A, 1N248B, 

1N248RB and 1N248C, respectively. Types 
1N248RA and 1N248RB are discon- 

I NI248RG tinued types listed for reference only. 

II JEDEC No. DO-5 package; outline 
3, Outlines Section. 


SILICON RECTIFIER 

1N949A Hermetically sealed 20-ampere 

IINZ47M types used in generator-type power f I 

1 N249B supplies in mobile equipment; dc-to- f V ) 

de converters 9 and battery chargers; V ‘ 1 J 

I N!?49G power supplies for aircraft, marine, ^IsTk 

II ' # and missile equipment; transmitters, 

rf generators, and dc-motor supplies; machine-tool Controls; welding and elec- 
troplating equipment; dc-blocking Service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechamcal specifications. The special coppe r-al loy 
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. DO-5 package; outline 3, Outlines Section. Types 1N249A and 1N249B are 
discontinued types listed for reference only; they are similar to type 1N249C 
except for some slightly lower ratings, and can be directly replaced by type 
1N249C. Type 1N249C is identical with type 1N1198A except for thè following 
items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 

Peak Reverse Voltage . HS™* vSlte 


110 max volts 

77 max volts 

100 max volts 


CHARACTERISTICS 

Maxium Reverse Current: 36 ma 

Dynamic* .....* • • • 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature — 150 C. 


SILICON RECTIFIER 

I KIO/IOD A These types are reverse-polarity JHk 

INi.4yKA versions of types 1N249A, 1N249B, /\\ 

1N749RR and 1N249C, respectively. Types 1 -±- \ 

1N249RA and 1N249RB are discon- \ \ J 

II N949RC tinued types listed for reference only. VJ_^/ 

1 l . / nv je£)eC No. DO-5 package; outline m 

3, Outlines Section. 

SILICON RECTIFIER 

1 KI'lsnA Hermetically sealed 20-ampere JOAV 

I supplies in mobile equipment; dc-to- /^_P\ 

1N950B types used in generator-type power f ▼ ) 

de converters and battery chargers; \ —1 J 

I MO50C power supplies for aircraft, marine, 

II l'IiJUV anc i m i ss iie equipment; transmitters, IS - K 

rf generators, and dc-motor power supplies; machine-tool Controls; welding and 


1N250A 
1N250B 

1N250C 


Technical Data 


electroplating equipment; dc-blocking Service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifications. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. DO-5 package; outline 3, Outlines Section. Types 1N250A and 1N250B are 
discontinued types listed for reference only; they are similar to type 1N250C 
except for some slightly lower ratings, and can be directly replaced by type 
1N250C. Type 1N250C is identical with type 1N1198A except for thè following 
items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation , with resistive or inductive load 

Peak Reverse Voltage . 220 max volts 

RMS Supply Voltage . 154 max volts 

DC Blocking Voltage . 200 max volts. 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 3.4 ma 

• Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature = 150°C. 



SILICON RECTIFIER 


These types are reverse-polarity 1 MOthPA 
versions of types 1N250A, 1N250B, ^ ^ 

and 1N250C, respectively. Types 1N250RB 


1N250RA and 1N250RB are discon¬ 
tinued types listed for reference only. 


1N250RC 


JEDEC No. DO-5 package; outline 
3, Outlines Section. 


SILICON RECTIFIER 


jr Hermetically sealed 750-milli- 

( ] ampere type for use at peak reverse 

V J voltages up to 100 volts. It is used in *■ KM4AQ 

magnetic amplifiers, dc-blocking cir- I 
A k cuits, power supplies, and other rec- 

^ tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. JEDEC No. 


DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N443B except for thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation , with resistive or inductive load 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


100 max volts 

70 max volts 

100 max volts 


CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 

Statict . 


100 

0.3 p,a 


* Average value for one complete cycle at maximum peak reverse voltage, 
average forward current, and ambient temperature = 150 °C. 


maximum 


t DC value at maximum peak reverse voltage, average forward current = 0, and ambient 
temperature = 25° C. 
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SIL ' t £U'1FIER 


Hermetically sealed 750-milli- A—XX 

ampere type for use at peak reverse f ir \ 

1 R voltages up to 200 volts. It is used in l — : — i 

I il“nf 1 D magnetic amplifiers, dc-blocking cir- 
cuits, power supplies, and other rec- 
tifying applications. This type is 0 K 

designed to meet stringent environmental and mechanical tests. JEDEC No. 


DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N443B except for thè following items: v • • ' ' ' 


MAXIMUM RATINGS 

Fot power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 

Peak Reverse Voltage . 200 max volts 

RMS Supply Voltage . 140 max volts 

DC Blocking Voltage ... 200 max volts 


CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* ..... 100 Aia 

Staticf ..... 0.75 jwa 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150°C. 

t DC value at maximum peak reverse voltage, average forward current = 0, and ambient 
temperature = 25 & C. 


SILICON REC'l : ■ , 


1N442B 


e 

Hermetically sealed 750-mìlli- 
ampere type for use at peak reverse 
voltages up to 300 volts. It is used in 
magnetic amplifiers, dc-blocking cir- 
cuits, power supplies, and other rec- 
tifying applications. This type is 



designed to meet stringent environmental and mechanical tests. JEDEC No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N443B except for thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 

Peak Reverse Voltage . 300 max volts 

RMS Supply Voltage . 210 max volts 

DC Blocking Voltage . 300 max volts 


CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 200 Aià 

Staticf . 1 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150°C. 

f DC value at maximum peak reverse voltage, average forward current = 0, and ambient 
temperature — 25°C. 
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Oa SILICON RECTI FI ER 

Hermetically sealed 750-milli- 
( ] ampere type for use at peak reverse 

V I J voltages up to 400 volts. It is used in *i 0. 

VI/ magnetic amplifiers, dc-blocking cir- I 

X cuits, power supplies, and other rec- 

^ tifying applications. This type. is 

designed to meet stringent environmental and mechanical tests. JEDEC No. 
DO-1 package; putirne 1, Outlines Section. 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 


Peak Re verse Voltage . 

RMS Supply Voltage . 

DC Blocking Voltage . 

Average Forward Current: 

At ambient temperature of 50°C 
At other ambient temperatures 

Peak Recurrent Current . 

Surge Current (One Cycle) . 

Ambient-Temperature Range: 

Operating .. 

Storage 


400 max volts 
280 max volts 
400 max volts 

750 max ma 
See Rating Chart 
3.5 max amperes 
15 max amperes 

-65 to 185 °C 

-85 to 175 °C 


RATING CHART 



AMBIENT TEMPERATURE-^ 

92CS-10060T 


CHARACTERISTICS 

Maximum Forward Voltage Drop* 
Maximum Reverse current: 

Dynamic i . 

Staticf . .i. 


1.5 volts 

200 /^ 

1.5 fia 


— '-miicui. cuiu. cunuiem temperature ~ zo u. 

* J or one , com P le te cycle at maximum peak reverse voltage 

average forward current, and ambient temperature = 150°C. S 

t te^p V efa U tnrl t Xl5»C. Um PCak reverSe volta S e - average forward current = 


maximum 
0, ambient 


Oa SILICON RECTIFIER 

Hermetically sealed 750-milli- 
[ V ] ampere type for use at peak reverse 

V ’ J voltages up to 500 volts. It is used in n K H A)y| iiirj 

magnetic amplifiers, dc-blocking cir- I 
A' k - cuits, power supplies, and other rec- 

^ tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. JEDEC No 
DO-1 package; outline 1, Outlines Section. 
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MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single- 
phase operation, with resistive or inductive toad 


Peak Reverse Voltage . 

RMS Supply Voltage . 

DC Blocking Voltage . 

Average Forward Current: 

At ambient temperature of 35°C 
At other ambient temperatures . 

Peak Recurrent Current . 

Surge Current (One Cycle) . 

Ambìent-Temperature Range : 

Operating . 

Storage . 


500 max volts 
350 max volts 
500 max volts 

750 max ma 
See Rating Chart 
3-5 max amperes 
15 max amperes 

—65 to 150 °C 

—65 to 175 °C 


RATING CHART 



92CS-IÒ06IT 


CHARACTERISTICS 


Maximum Forward Voltage Drop* . 1.5 volts 

Maximum Reverse Current: 

Dynamicf . 200 y a 

Staticf . 1.75 ga 

* DC value at full-load average current and ambient temperature = 25° C. 
t Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150° C. 
t DC value at maximum peak reverse voltage, average forward current — 0, and ambient 
temperature = 25°C. 


SILICON RECTIFIER 


Hermetically sealed 750-milli- 
ampere type for use at peak reverse I W 1 

1 voltages up to 600 volts. It is used in l —¥— J 

I It^JU magnetic amplifiers, dc-blocking cir- \L/ 

cuits, power supplies, and other ree- 
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. JEDEC No. 

DO-1 package; outline 1, Outlines Section. 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps. single- 
phase operation, with resistive or induciive toad 


Peak Reverse Voltage . 

RMS Supply Voltage . 

DC Blocking Voltage . 

Average Forward Current: 

At ambient temperature of 35°C 
At other ambient temperatures .. 


600 max volts 

420 max volts 

600 max volts 

750 max ma 

See Rating Chart 
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Peak Recurrent Current . 3.5 max amperes 

Surge Current (One Cycle) ... 15 max amperes 

Ambient-Temperature Range: 

.. . a* i «uì 'V* 


—65 to 150 

-65 to 175 °C 


Operating 
Storage . 


RATING CHART 



AMBIENT TEMPERATURE-°C 

92CS-I0062T 


CHARACTERISTICS 

Maximum Forward Voltage Drop* . i c 

Maximum Reverse Current: ...‘ ’ c * ° votxs 

Dynamicf . 

Staticf ... 20? va 

* DC value at full-load average current and ambient temperature =: 25°C. 

* Ayeraisc value for one complete cycle at maximum peak reverse voltage maximum 

average forward current, and ambient temperature = 150°C. 8 ’ maximum 

f temperature PCak reverse voltage, average forward current = 0 , and ambient 



SILICON RECTIFIER 

Hermetically sealed 750-milli- 
ampere type for use at peak reverse 
voltages up to 50 volts. It is used in 
magnetic amplifiers, dc-blocking cir- 
cuits, power supplies, and other rec- 
tifying applications. This type is 


1N536 


designed to meet stringent environmental and mechanical tests. JEDEC No. 


R?“J; packa ^ e J outline 1, Outlines Section. This type is identical with type 
1N547 except for thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 

RMS Supply Voltage .... . 50 max volts 

DC Blocking Voltage .*.* §5 max volts 

... 50 max volts 


CHARACTERISTICS 


Maximum Forward Voltage Droo* . , , 

Maximum Reverse Current: ° °.* * * * * 11 volts 

Dynamicf . A . 

.«. 04 ma 


* DC value at average forward ma = 500 and ambient temperature = 25°C 

* * valu< LÌ or one complete cycle at maximum peak reverse voltai m*™™ 

average forward current, and ambient temperature = 150 o C. voltage, maximum 
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SILICON RECT1FIER 


Hermetieally sealed 750-milli- 
ampere type for use at peak reverse ! Y 

1 KIK^T voltages up to 100 volts. It is used in V J 

I IM3*3/ magnetic amplifiers, dc-blocking cir- AIA 

cuits,. power supplies, and other ree- A K 

tifymg àpplications. This type is w 

designed to meet striiigerit'oeiiviromnental and mechanical tests. JEDEC No. 
DO-1 package; outline l,i Outlines Section. This type is identical with type 
1N547 except for thè following items: 

MAXIMUM RATINGS i 


For power-supply frequency. of 60 cps, single - 
phase operation, with resistive or mductive load 


Peak Reverse Voltage .. i.. 

RMS Supply Voltage .. 

DC Blocking Voltage ... 

CHARACTERISTICS 

Maximum Forward Voltage Drop* 
Maximum Reverse Current: 

Dynamics . 


100 max volts 

70 max volts 

100 max volts 


* DC value at average forward ma = 500 and ambient temperature - 25 C. 
t Average value for one complete cycle at maximmn_peak reverse voltage, maximum 
average forward current, and ambient temperature — 150 C. 

SILICON RECTIFIER Oa 

Hermetieally sealed 750-milli- 
ampere type for use at peak reverse ( ^ p \ 

1 MCOO voltages up to 200 volts. It is used in V J 

1 iMjOO magnetic amplifiers, dc-blocking cir- A^^A 

cuits, power supplies, and other ree- A K 

tifying applications. This type is 

designed to meet stringent envjfonmental and mechanical teste. JEDEC No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N547 except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single- 
phase operation, with resistive or inductive loaa 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


CHARACTERISTICS 

Maximum Forward Voltage Drop* 
Maximum Reverse Current : 

Dynamics . 


200 max volts 

140 max volts 

200 max volts 


• DC value at average forward ma = 500 and ambient temperature _ 25 C. 
t Average value for one complete cycle at maximum peak reverse voltage, maximum 
X average forward current, and ambient ; temperature = 150 C. 

SILICON RECTIFIER Oa 

Hermetieally sealed 750-milli- A X 

ampere type for use at peak reverse f ^ f V 
T! ILlIKTOfì voltages up to 300 volts. It is used in V J 

S IMIjOV magnetic amplifiers, dc-blocking cir- VIA 

cuits, power supplies, and other ree- A K 

tifying applications. This type is 

designed to meet stringent environmental and mechanical teste. JEDEC . No. 
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DO-1 package^ outline 1, Outlines Section. This type is identical with type 
1N547 except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 300 max volts 

RMS Supply Voltage . 210 max volts 

DC Blocking Voltage . 300 max volts 

CHARACTERISTICS 

Maximum Forward Voltage , Drop* .•.1.1 volts 

Maximum Reverse Current: 

Dynamici . 0.3 ma 

* DC value at average forward ma = 500 and ambient temperature = 25°C. 
t Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150°C. 



SILICON RECTIFIER 

Hermetieally sealed 750-milli- 
ampere type for use at peak reverse 
voltages up to 400 volts. It is used in 
magnetic amplifiers, dc-blocking cir¬ 
cuite, power supplies, and other rec- 
tifying applications. This type is 


1N540 


designed to meet stringent environmental and mechanical tests. JEDEC No. 


DO-1 package; outline 1, Outlines Section. This type is identical with type 


1N547 except for thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 400 max volts 

RMS Supply Voltage . 280 max volts 

DC Blocking Voltage . 400 max volts 

CHARACTERISTICS 

Maximum Forward Voltage Drop* . 1.1 volts 

Maximum Reverse Current: 

Dynamict . 0.3 ma 

* DC value at average forward ma = 500 and ambient temperature = 25°C. 
t Average value for one complete cycle at maximum peak reverse voltage, maximum 


average forward current, and ambient temperature = 150°C. 



SILICON RECTIFIER 

Hermetieally sealed 750-milli- 
ampere type for use at peak reverse 
voltages up to 600 volts. It is used in 
magnetic amplifiers, dc-blocking cir¬ 
cuite, power supplies, and other rec- 
tifying applications. This type is 


1N547 


designed to meet stringent environmental and mechanical tests. JEDEC No. 


DO-1 package; outline 1, Outlines Section. 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage .. 600 max volts 

RMS Supply Voltage ... 420 max volts 
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DC Blocking Voltage . 

Average Forward Current: 

At ambient temperature of 50°C 
At other ambient temperatures 

Surge Current (One Cycle) . 

Operating Frequency .. 

Ambient-Temperature Range : 

Operating . 

Storage . 


600 max volts 

750 max ma 
See Rating Cbart 
15 max amperes 
100 max kc 

—65 to 165 °C 

-65 to 175 °C 


RATING CHART 



92CS- I0082T 


CHARACTERISTICS 

Maximum Forward Voltage Drop* . 1.2 volts 

Maximum Reverse Current : 

Dynamicf . 0.35 ma 

Statict . 5 /xa 

• DC value at average forward ma = 500 and ambient temperature = 25°C. 
t Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150°C. 
t DC value at maximum peak reverse voltage, average forward current 0, and ambient 
temperature = 25°C. 


SILICON RECTIFIER 


Hermetically sealed 750-milli- S' 

ampere type for use at peak reverse f ^ \ 

1 MI OQC voltages up to 500 volts. It is used in l- j 

I l>3 I magnetic amplifìers, dc-blocking cir- 

cuits, power supplies, and other ree- X 

tifying applica tions. This type is 

designed to meet stringent environmental and mechanical tests. JEDEC No. 

DO-1 package; outline 1, Outlines Section. This type is identical with type 

1N547 except for thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 500 max volts 

RMS Supply Voltage . 350 max volts 

DC Blocking Voltage . 500 max volts 


CHARACTERISTICS 

Maximum Reverse Current : 

Dynamic* . 0.3 ma 


* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150°C. 
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SILICON RECTIFIER 


Hermetically sealed 40-ampere 
r J X type for use at peak reverse voltages 

f Y J U P to 50 volts. It is used in genera- il |tj m » 

V J tor-type power supplies in mobile 1 1^1 I 10*5 S\ 
equipment; dc-to-dc converters and 
battery chargers; power supplies for 

aircraft, manne and missile equipment; transmitters, rf generators, and de- 
motor power supplies; machine-tool Controls; welding and electroplating equip¬ 
ment; dc-blockmg Service; magnetic amplifìers; and a wide variety of other 
heavy-duty equipment. This type is designed to meet stringent environmental 
an l ? let r aniCa s P, eclfications - The special copper-alloy mounting stud can 
withstand an instalhng torque up to 50 inch-pounds. JEDEC No. DO-5 pack¬ 
age; outline 3 Outlines Section. This type is identical with type 1N1186A ex- 
cept for thè follo wing items: 

MAXIMUM RATINGS 

frequency of 60 cps, single- 
phase operation, with resistive or inductive ìoad 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


50 max volts 

35 max volf3 

50 max volts 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1183A. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 


Ì83RA 


SILICON RECTIFIER 

' Hermetically sealed 40-ampere 

f I \ type f° r use at peak reverse voltages 

( -Y ) up to 100 volts. It is used in genera- . 

VT J tor_type power supplies in mobile I N 1 ì &ÌA 
''~lsfK equipment; dc-to-dc converters and 

. p, . battery chargers; power supplies for 

ì*ìt “ 

cept for thè follo wing items: identical with type 1N1186A ex- 

MAXIMUM RATINGS 

Xrsssswun r.si.vuskA 


Peak Reverse Voltage 
S^PPly Voltage 
DC Blocking Voltage 


100 max volts 

70 max volts 

100 max volts 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1184A. JEDEC No. 
DO-5 package; outline 3. Outlines 
oection. 


1N1184RA 
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SILICON RECTIFIER 

Hermetically sealed 40-ampere JS* 

type for use at peak reverse voltages / I \ 

- un a/ A u p to 200 volts - K is ^ ed m gener .^“ [ ▼ 1 

1 |\| I IOO Jr\ tor-type power supplies in mobile V J J 

equipment; dc-to-dc converters and Nyv ^[|n< 

battery chargers; power supplies for 

aircraft marine, and missile equipment; transmitters, rf generators, and de- 
motor power supplies; machine-tool Controls; weldmg and electroplatmg eq P- 
ment- dc-blockSg Service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. This type is designed to meet strmgent envnonmental 

and'Tnechanical specifìcations. The s P e «^, coppe ^ all °^°Z to ^o 5^tac“ 
withstand an installing torque up to 50 mch-pounds. JEDEC No. DO-5 pack 

age; outline 3, Outlines Section. 

MAXIMUM RATINGS 

Fot power-supply frequency of 60 fps, single- 
phase operation, with resistive or mductive load 


200 max volts 

Peak Reverse Voltage . 140 max volts 

RMS Supply Voltage . 200 max volts 

DC Blocking Voltage .. 

Average Forward Current: 40 max amperes 

At case temperature of 150 C . See Rating Chart I 

At other case temperatures . > 195 max amperes 

Peak Recurrent Current ... 

Surge Current:* .. 800 max amperes 

For one-half cycle, sine wave . See Rating Chart II 

For one or more cycles ... 

Case-Temperature Range : —65 to 200 C 

Operating and Storage . 


RATING CHART I 


HEAT-SINK COOLING CHART 



TYPE IN 1186A 1 1 

LOAD: RESISTIVE OR INDUCTIVE 

-4- CURVE TYPE OF OPERATION ■ 

A DIRECT CURRENT 

B SINGLE PHASE 

C THREE PHASE 

v D SIX PHASE 

\ i 1 _l_ 1_ 









- 









T: 








_ 

k 




TYPE INI186A 

-S a n t g ^ 

- RE m C o T S R ED T dTrIJt S l? T o U S 

he 1 ?/sinic^/ig" - thick COPPEr 

— WITH A MAT BLACK SURFACE 
I ANO THERMAL EMISSIVITY OF 
L 0.9. 



CASE TEMPERATURE-°C 

RATING CHART IL 


- TYPE INII86A 1 1 r 

SUPPLY FREQUENCY= 60 CPS SINE WAVEJ 

“LOAD: RESISTIVE OR INDUCTIVE 

- RMS SUPPLY VOLTAGE = MAXIMUM- 

RATED VALUE 

“AVERAGE FORWARD CURRENT= MAXI- 

MUM RATEO VALUE ^ _j-- 

~ CASE TEMPERATURE =I50°C 


50 100 ISO ^ 

AMBIENT TEMPEBATURE--C m _ |im8t 


-2 4 6 8|0 2 4 6 8|00 

SURGE-CURRENT DURATI0N- CYCLES 
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CHARACTERISTICS 

Maximum Forward Voltage Dropf . 0.65 volt 

Maximum Reverse Current: 

Dynamics ...... 2.5 ma 

Statici ..,..... 0.015 ma 

Maximum Thermal Resistance: 

Junction-to-case ... 1 °C/watt 

♦ Superimposed on devige operating within maximum voltage, current, and temperature 
ratmgs; may be repeated after sufficient time has elapsed for thè device to return to 
thè presurge thermal-equilibrium conditions. 

$ Average value ovei one complete cycle at maximum peak reverse voltage, maximum 
average forward amperes, and case temperature = 150°C. 
f DC value at maximum peak reverse voltage, average forward current = 0, and case 
temperature '= 25°C. 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1186A. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 


1N1186RA 


SILICON RECTIFIER 

jpAi Hermetically sealed types for 

use at peak reverse voltages up _ . _ _ Q 

( w A to 300 volts. They are used ini'IMI 18# 

V / generator-type power supplies in 1 KIT TQ7 A 

V 1 y mobile equipment; dc-to-dc convert- I ^ 

HIk ers and bàttery. chargers; power sup- . 

plies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifiers; and a wide variety 
of other heavy-duty applications. These types are designed to meet stringent 
environmental and mechanical specifìcations. The special copper-alloy mount- 
ing stud can withstand an installing torque up to 50 inch-pounds. JEDEC No. 
DO-5 package; outline 3, Outlines Section. Type IN1187 is a discontinued type 
listed for reference only. These types are identica! with types 1N1190 and 
1N1190A, respectively, except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, singie - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage 
RMS Supply Voltage .. 
DC Blocking Voltage . 


CHARACTERISTICS 

Maximum lieverse Current: 
Dynamic* . 


1N1187 

1N1187A 


300 

300 max 

volts 

212 

212 max 

volts 

240 

300 max 

volts 


2.5 

ma 


♦ Average value for one complete cycle at maximum peak reverse voltage, maximum 
forward amperes, and case temperature = 150°C. 

SILICON RECTIFIER 



These types are reverse-polarity 
versions of types 1N1187 and - ^ 

1N1187A. Type 1N1187R is a discon- 1 NI 1 8/R 
tinued type listed for reference only. 1 KJ1 1 CI7D A 

JEDEC No. DO-5 package; outline 1 ^ I I O# A I 

3, Outlines Section. 
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SILICON RECTI FIER 


Hermetically sealed types for use [Ha 

i 00 at peak reverse voltages up to 400 

I INI 1 loo volts. They are used in generator- / w \ 

II NI 11 1 00 A tyP e P ower supplies in mobile V J 

Il II IOQH equipment; dc-to-dc converters and xJX/ 

battery chargers; power supplies for 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc- 
motor power supplies; machine-tool Controls; welding and electroplating equip¬ 
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. These types are designed to meet stringent environ- 
mental and mechanical specifìcations. The special copper-alloy mounting stud 
can withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 
package; outline 3, Outlines Section. Type 1N1188 is a discontinued type listed 
for reference only. These types are identical with types 1N1190 and 1N119GA, 
respectively, except for thè following items: 

MAXIMUM RATINGS - 

For power-supply frequency of 60 cps. single - 
phase operation , vrìth resistive or inductive lo ad 


Peak Reverse Voltage . 400 400 max volts 

RMS Supply Voltage . 284 284 max volts 

DC Blocking Voltage . 320 400 max volts 

CHARACTERISTSCS 

Maximum Reverse Current: 

Dynamic* . — 2.2 ma 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
forward amperes, and case temperature — 150°C. 


1N1188R 

1NU88RA 


SILICON RECTIFIER 

These types are reverse-polarity 
versions of types 1N1188 and 
1N1188A. Type 1N1188R issa discon¬ 
tinued type listed for reference only. 
JEDEC No. DO-5 package; outline 
3, Outlines Section. 



SILICON RECTIFIER 

Hermetically sealed types for use joa 

__ at peak reverse voltages up to 500 

I N1 I 89 volts. They are used in generator- / w \ 

1 NI 11 I RÒ A type p° wer supplies in mobile l — J 

1 Ite II I O/M equipment; dc-to-dc converters and 

battery chargers; power supplies for lSk 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc- 
motor power supplies; machine-tool Controls; welding and electroplating equip¬ 
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. These types are designed to meet stringent environ- 
mental and mechanical specifìcations. The special copper-alloy mounting stud 
can withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 
package; outline 3, Outlines Section. Type 1N1189 is a discontinued type listed 
for reference only. These types are identical with types 1N1190 and 1N1190A, 
respectively, except for thè following items: 
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MAXIMUM RATINGS 


For power-supply frequency of 60 cps. single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 

RMS Supply Voltage . 

DC Blocking Voltage . 

CHARACTERISTICS 

Maximum Reverse Current : 
Dynamic* . 


1N1189A 
500 max volts 

355 max volts 

500 max volts 


* Average value for one complete cycle at maximum peak reverse voltage, maximum 
forward amperes, and case temperature = 150°C. 


SILICON RECTIFIER 

These types are reverse-polarity 
versions of types 1N1189 and 
1N1189A. Type 1N1189R is a discon¬ 
tinued type listed for reference only. 
JEDEC No. DO-5 package; outline 
3, Outlines Section. 


1N1189R 

1N1189RA 


SILICON RECTIFIER 

joa Hermetically sealed types for use 

at peak reverse voltages up to 600 _ 

f w ] volts. They are used in generator- IN1 190 

V “nh - J type power supplies in mobile jMllQ/tA 

equipment; dc-to-dc converters and ■ ■ ■ ir 

battery chargers; power supplies for 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc- 
motor power supplies; machine-tool Controls; welding and electroplating equip¬ 
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. These types are designed to meet stringent environ- 
mental and mechanical specifìcations. The special copper-alloy mounting stud 
can withstand an installing torque up to 50 inch-pounds. Type 1N1190 is a dis¬ 
continued type listed for reference only. JEDEC No. DO-5 package; outline 
3, Outlines Section. 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps single - 
phase operation , with resistive or inductive wad 


Peak Reverse Voltage . 600 600 max volts 

55f S ™ Su P? ly Yr°\ tage . 424 424 max volts 

DC Blocking Voltage . 480 600 max volts 

Average Forward Current: 

At case temperature of 140°C ..... 35 40 max amperes 

At other case temperatures ..... — See Rating Chart I 

Peak Recurrent Current .... 130 195 max amperes 

Surge Current:* ..... 

For one-half cycle, sine wave .. »............ 500 800 max amperes 

For one or more cycles...... — See Rating Chart II 

Case-Temperature Range: 

Operating and Storage ................... —65 to 175 -65 to 200 °C 

■* Superimposed on device operating within maximum voltage, current, and temperature 
ratings; may be repen+ed after sufiìcient time has elapsed for thè device to return to 
presurge therrnal-eq^ihbrium conditions. 
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CHARACTERISTICS ^ 

Maximum Forward Voltage Drop** ... 

Maximum Reverse Current: 1.8 ma 

Dynamicf . * 0.025 0.015 nia 

Statici .. .. 

Maximum Thermal Resistance: 1 1 °C/watt 

Junction-to-case .*. 

** Peak value at maximum average forward current, case temperature = 140°C. 
tAveragetatue for one complete ^ ^“um geak reverse voltage, max™ 
average forward current, and case temperature — 14U „ ■« . 

tDC value aT maximum peak reverse voltage, average forward current = 0, and case 
temperature — 25° C. 


SILICON RECTIFIER 


1N1190R 

1N1190RA 


These types are reverse-polarity 
versions of types 1N1190 and 
1N1190A. Type 1N1190R is a discon- 
tinued type listed for reference only. 
JEDEC No. DO-5 package; outline 
3, Outlines Section. 
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SILICON RECTIFIER 

fUA Hermetically sealed types used 

/T\ in genera tor-type power supplies in . 

( [ W \ mobile equipment; dc-to-dc con- INI I 

V J ' J verters and battery chargers; power 1 MI 1 QC A 

supplies for aircraft, marine, and * l^i ■ ■ 

missile equipment; transmitters, rf 

generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blockiiig Service; magnetic amplifiers; and a wide 
varlety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifìcations. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. DO-5 package; outline 3, Outlines Section. Type 1N1195 is a discontinued 
type listed for reference only; it is similar to type 1N1195A except for some 
slightly lower ratings, and can be directly replaced by type 1N1195A. Type 
1N1195A is identical with type 1N1198A except for thè following items: 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps. single - 
phase operation, vnth resistive or inducrive load 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blockmg Voltage 


CHARACTERISTICS 

Maximum Reverse Current : 
Dynamic* . 


300 max volts 

212 max volts 

300 max volts 


* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward amperes, and case temperature = 150°C. 

SILICON RECTIFIER 


These types are reverse-polarity 
versions of types 1N1195 and 
1N1195A, respectively. Type 1N1195R 
is a discontinued type listed for ref¬ 
erence only. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. 

SILICON RECTIFIER 


1N1195R 

1N1195RA 


□a Hermetically sealed types used 

in generator-type power supplies in _ - - _ _ Q « 

( ^-f \ mobile equipment; dc-to-dc con- INI 1 TO' 

l - J verters and battery chargers; power 11 K1 TI 1 Qi! A 

_/ supplies for aircraft, marine, and • ® ® I * 

missile equipment; transmitters, rf 

generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magnetic amplifiers, and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifìcations. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No, DO-5 package; outline 3, Outlines Section. Type 1N1196 is a discontinued 
type listed for reference only; it is similar to type 1N1196A except for some 
slightly lower ratings, and can be directly replaced by type 1N1196A. Type 
1N1196A is identical with type 1N1198A except for thè following items; 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps. single - 
phase operation, with resistive or induczive toad 


Peak Reverse Voltage 


400 max volts 
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RMS Supply Voltage . 

DC Blocking Voltage . 

GHARACTERISTICS 

Maximum Reverse Current: 
Dynamic* . 


284 max 
400 max 


* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward amperes, and case temperature = 150°C. 


1N1196R 

1M196RA 


SILICON RECTIFIER 

These types are reverse-polarity 
versions of types 1N1196 and 
1N1198A, respectively. Type 1N1196R 
is a discontinued type listed for ref- 
erence only. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. 



SILICON RECTIFIER 

Hermetically seated types for use [da 

TIMI 107 P ea ^ reverse voltages up to 500 

■ - ^ * \tZ volts. They are used in generator- f w \ 

71 1 Ti' 07 A type power supplies in mobile l ~^r~ j 

(I nHI I * 2 s equipment; dc-to-dc converters and 

battery chargers; power supplies for 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc- 
motor supplies; machine-tool Controls; welding and electroplating equipment; 
dc-blocking Service; magne tic amplifìers, and a wide variety of other heavy- 
duty applications. These types are designed to meet stringent environmental 
and mechanical specifications. The special copper-alloy mounting stud can 
withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. Type 1N1197 is a discontinued type listed for 
reference only; it is similar to type 1N1197A except for some slightly lower 
ratings, and can be directly replaced by type 1N1197A. Type 1N1197A is iden- 
tical with type 1N1198A except for thè following items: 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps, single- 
p hase operation t with resistive or inductive load 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


GHARACTERISTICS 

Maximum Reverse Current : 
Dynamic* . 


500 max volts 

355 max volts 

500 max volts 


■ Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward amperes, and case temperature = 150°C. 


1N1197R 

1N1197RA 


SILICON RECTIFIER 

These types are re verse-polarity 
versions of types 1N1197 and 
1N1197A, respectively. Type 1N1197R 
is a discontinued type listed for ref¬ 
erence only. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. 



MAXIMUM, average forward amperes 
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SILICON RECTIFIER 

Hermetically sealed 20-ampere 

f types for use at peak reverse volt- A 

f W ) f ges up to 600 volts. They are used I NI 198 

V F J ù 1 generator-type power supplies in 1 Klì 1QQ A 

mobile equipment; dc-to-dc con- I IN I ■ /OM 
K verters and battery chargers; power 

SU ^ P Ì ÌeS f ° r aircra ^ t5 carine, and missile equipment; transmitters, rf generators 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
mg equipment; dc-blocking Service; magne tic amplifìers, and a wide variety of 
other heavy-duty applications. These types are designed to meet stringent en- 
viromnental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 50 inch-pounds. JEDEC No DO-5 
package; outline 3, Outlines Section. Type 1N1198 is a discontinued type listed 
for reference only; it is similar to type 1N1198A except for some slightly lower 
ratings, and can be directly replaced by type 1N1198A. 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single - 
phase operation. with. resistine nr t 


phase operation , with resistive or inductive load 


Peak Reverse Voltage . . 

RMS Supply Voltage . . 

DC Blocking Voltage 
Average Forward Current : 

At case temperature of 150°C 
At other case temperatures . . 
Peak Recurrent Current ... 

Surge Current:* 

For one-half cycle, sine wave 
_ For one or more cycles 
Case-Temperature Range : 
Operating and Storage 

RATING C HART I 

type INII98A f 1 I 
_ LOAD: RESISTIVE OR INDUCTIVE 
CUR VE TYPE OF OPERATIDM 

_ A DIRECT CURRENT 

B SINGLE PHASE - 

C THREE PHASE 

40 D SIX PHASE 






z 

□ 




zi 

□ 

IO 

-_ 

„_ 


z. 


HO 160 

CASE TEMPERATURE - 0 


RATING CHART ir 


type iniissa 

fre 0UENCY=60 CPS SINE WAVE 

CASE TEMPERATURE = I50°C WAVt 

k? AD ; RESIST,VE OR INDUCTIVE 
AVERAG^FOR^Jn^MDo XIMUM ~ RATCD VALUE 

AVE wA, G ,7 F F0 ^gZ CURRE NT=MAXlMUM-RATED 

V- 










\ 














- 

__ 
















600 max volts 
424 max volts 
600 max volts 

20 max amperes 
See Rating Chart I 
90 max amperes 

350 max amperes 
See Rating Chart II 






type f N1198A 1 

0 




SINGLE-PHASI 

OPERATION 


5 

\ 


L 

Kk 

MOUNTED DIRECTLY 

ON HEAT SINK. 

-• HEAT SINK: Vl6 "-THICK 
COPPER WITH MAT 
BLACK SURFACE. 
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HtHMAL 
MISSIVITY : 
1 1 

= 0.9 
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CHARACTERISTtCS 

Maximum. Forward Voltage Dfopt . 0.6 volt 

Maximum Reverse Current: 

Dynamict .... _.._._ 1.5 ma 

* Superimpósed oh device operatine within maximum voltage, current, and temperature 
ratmgs; may be repeated after sumcient time has elapsed fot thè device to return to thè 
presurge thermal-equilibrium condìtions. 

t Average value fór one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature = 150*0. 

SILICON RECTI FI ER 

These types are reverse-polarity 
versions of types 1N1198 and 
1N1198A, respectively. Type 1N1198R 
is a discontinued type listed for ref- 
erence only. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. 

SILICON RECTIFIER 

Hermetically sealed 12-ampere 
type for use at peak reverse volt- 

1 M1 1 00 A a ^ es U P ^ volte. It is used in 
I 1^1 I I /7M generator-type power supplies in 
mobile equipment; dc-to-dc con- 
verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifiers, and a wide variety of 
other heavy-duty applications. This type is designed to meet stringent en- 
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps. sijigle- 
phase operation, with resistive or inductìve load 


Peak Reverse Voltage . 50 max voits 

Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds maximum .... 100 max volte 

RMS Supply Voltage . 35 max volte 

DC Blocking Voltage .. 50 max volte 

GHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 3 ma 


* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature — 150° C. 



1N1198R 

1N1198RA 



SILICON RECTIFIER 


1NÌ199RA 


This type is a reverse-polarity 
version of type 1N1199A. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 
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SILICON RECTIFIER 

_IOA Hermetically sealed 12-ampere 

type for use at peak reverse volt- 
f ) ages up to 100 volts. It is used in ■w A 

V “T~ J generator-type power supplies in I Ini! I xUUA 
... mobile equipment; dc-to-dc con- 
. verters and battery ; chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators 

^uipment^^ 6 ^! 311 ^^ 163 ’ machine - t001 cont rols; welding and electroplat-’ 
T ’ . dc ; block ] m g Service; magnetic amplifiers, and a wide variety 
be f vy ' dut y Applications, This type is designed to meet stringent en- 
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installine torque up to 25 inch-pounds JEDEC No DO-4 

ex^nff'f u’ ° UtlÌn f SeCtÌOn ’ ^ *Pe ^ identical with tyveimml 
except for thè followmg items: a 

MAXIMUM RATINGS 


For power-sùpply frequency of 60 cvs sinalr- 
phase operation , with resistive or induclive load 


Peak Reverse Voltage 

Transient Reverse Voltage:. 100max volts 

RMs"Supply"'vóltage duration 5 milliseconds maximum .... 200 max volts 

DC Blocking Voltage . .. 70 max volts 

100 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 

* .. 2-5 ma 

average forvvSrd^urrent.^dc^t^mperatare^^o^^ reverse voltage - maximum 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1200A. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 


1N1200RA 


SILICON RECTIFIER 

EIA Hermetically sealed 12-ampere 

f _l_ 'v type for use at peak reverse vólt- 

( ) flgcs up to 200 volts. It is used in ai, aa. * 

\~J~y generator-type power supplies in HMIkllzA 

VI-/ mobile equipment; dc-to-dc con- 

,• f ^ verters and battery chargers; power 

supphes for aircraft, marine, and missile equipment; transmitters rf generators 
and dc-motor power supphes; machine-tool Controls; welding and elecWJ°,+ ’ 

of S other 1] ^ ment; dc " blockkl g Service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This tvne is design L T * variety 

vironmental and mechanical specifications. The special copper-alloy^o^W 
stud can withstand an installing torque up to 25 inch-pounds. JEDFC No nn f 

except^or*'thè' 1 foh'owing^teiM? C ^ 0n ^ ^ * WentÌCal WÌth ty P e ^OA 

MAXIMUM RATINGS 

For power-supply frequency of 60 cvs sin ni*. 
phase operation , with resistive or induciive load 


Peak Reverse Voltage 


200 max volte 
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Transient Reverse Voltage: „ , . ™vi+c 

Non-repetitive, for duration of 5 milliseconds maximum .... 350 max volts 

RMS Supply Voltage ... ™ì? 

DC Blocking Voltage ...................•* 200max volta 

CHARACTERISTICS 

Maximum Reverse Current: rnQ 

Dynamic* ...»... 2 1X18 


* Average value for one complete cycle at maximum $>eak reverse voltage, maximum 
average forward current, and case temperature = 150°C. 

SILICON RECTI FI ER 

Thls type is a reverse-polarity 
1 Kl 1 OAOD A version of type 1N1202A. JEDEC No. 

I INI À ' \ DO-4 package; outline 2, Outlines 

Section. 

SILICON RECTIFIER 

Hermetically sealed 12-ampere 
type for use at peak reverse volt- 
°8 MI Off? A ages up to 300 volts. It is used in 
I IN I ZUvA generator-type power supplies in 
mobile equipment; dc-to-dc con- 
verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifìers, and a wide variety 
of other heavy-duty applications. This type is designed to meet strmgent en- 
vironmental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC Na DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inducUve loaa 

Peak Reverse Voltage . 

Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds maximum - 

RMS Supply Voltage ... 

DC Blocking Voltage .•... 

CHARACTERISTICS 

Maximum Reverse Current: -, 75 mq 

Dynamic* .. 

♦Average value for one complete cycle at maximum peak reverse voltage,maximum 
average forward current, ana case temperature — 150 C. 

SILICON RECTIFIER 

This type is a reverse-polarity 
*■ M7AAOE&A version of type 1N1203A. JEDEC No. 

I INI i DO-4 package; outline 2, Outlines 

Section. 

SILICON RECTIFIER 

Hermetically sealed 12-ampere 
type for use at peak reverse volt- 
1 IMI AAJ A ages U P to ^ volts. It is used in 
I IN I mobile equipment; dc-to-dc con- 

verters and battery chargers; power 
generator-type power supplies in 
supplies for aircraft, marine, and missile equipment; transmitters, rf generatore. 




300 max volts 

450 max volts 

212 max volts 

300 max volts 
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and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifìers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en- 
vironmental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps f single - 

phase operation, with resistive or induczive toad 


Peak Reverse Voltage . 400 max volts 

Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds maximum .... 600 max volts 

RMS Supply Voltage . 284 max volts 

DC Blockmg Voltage . 400 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 1.5 ma 


♦ Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature — 150*C. 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1204A. JEDEC No. T fcj TI AA/lpi A 
DO-4 package; outline 2 Ì Outlines I I 
Section. 


SILICON RECTIFIER 



Hermetically sealed 12-ampere 
type for use at peak reverse volt- 
ages up to 500 volts. It is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con- 


1N1205A 


UK verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generatore, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifìers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en- 
vironmental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for thè following items: 


MAXIMUM RATINGS 

Fot power-supply frequency of 60 cps f single- 
phase operation, with resistive or inductive foad 


Peak Reverse Voltage . 

Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds maximum 

RMS Supply Voltage . 

DC Blocking Voltage . 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic* . 


500 max volts 

700 max volts 

355 max volts 

500 max volts 


1.25 ma 


* Average value for one complete cycle at maximum peak reverse voltage 
average forward current, and case temperature = 150°C. 


maximum 
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SILICON RECTIFIER 

This type is a r everse-polarity 
1 K11 OACD A version of type 1N1205A. JEDEC No. 
I INI I DO-4 package; outline 2, Outlines 

Section. 



SILICON RECTIFIER 

Hermetically sealed 12-ampere 
type for use at peak reverse volt- 
1 All OfìA A a S es U P to 600 volts. It is used in 
I INI I /.UOA generator-type power supplies in 
mobile equipment; dc-to-dc con- 
verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf generatore 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringen en- 
vironmental and mechanical specifications. The special coppen-alloy 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section. 




Technical Data 


111 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single- 
phase operation , with resistive or inductive loud 


Peak Heverse Voltage ........ .... . 

Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds maximum 

RMS Supply Voltage .. 

DC Blocking Voltage . 

Average Forward Current: 

At case temperature of 150°C .... 

At other case temperatures .... 

Peak Recurrent Current ... 

Surge Current 

For one-half cycle, sine wave ..... 

For one or more cycles . 

Case-Temperature Range: 

Opera ting and Storage ....... 


600 max volts 

800 max volts 
424 max volts 
600 max volts 

12 max amperes 
See Rating Chart I 
50 max amperes 

240 max amperes 
See Rating Chart n 

—65 to 200 °C 


% Superimposed on device operatihg within maximum voltage, current, and temperature 
ratrngs; may be repeated after sufficient time has elapsed for thè device to return to 
thè presurge thermal-equilibrium conditions. 


CHARACTERISTICS 


Maximum Forward Voltage Drop* .. 0.55 volt 

Maximum Reverse Current: 

Dynamic* . ì ma 

Staticf . 0.004 ma 

Maximum Thermal Resistance: 

Junction-to-case . 2 °C/watt 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature = ÌSOrC. 
t DC value at maximum peak reverse voltage and case temperature — 25°C. 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1206A. JEDEC No. 1 Kl 11 OflAD A 
DO-4 package; outline 2, Outlines ■ "N ■ aUOKA 
Section. 


SILICON RECTIFIER 

rpA Hermetically sealed 5-ampere 

type for use at peak reversè volt- 
/ A àges up to 50 volts. It is used in IMI AIO 

l- J generator-type power supplies in I UNI il U t X 

mobile equipment; dc-to-dc con- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generatore 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent én- 
vironmental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section, This type is identical with type ÌN16Ì6 
except for thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation , with resistive or inductive load 

Peak Reverse Voltage . 

RMS Supply Voltage ... 

DC Blocking Voltage . 


50 max volts 

35 max volts 

50 max volts 
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1N1612R 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1612. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 



SILICON RECTIFIER 

Hermetically sealed 5-ampere ruiA 

type for use at peak reverse volt- 

1 NÌ&13 ag6S Up t0 100 volts. It is used in / «L \ 

H E I, ■■ generator-type power supplìes in l J 

mobile equipment; dc-to-dc con- 
Verters and battery chargers; power [fK 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en- 
vironmental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1616 
except for thè follo wing items: 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


SILICON RECTIFIER 

This type is a reverse-polarity 
1 NI version of tyP e 1N1613. JEDEC No. 

DO-4 package; outline 2, Outlines 
Section. 


100 max volts 

70 max volts 

100 max volts 



SILICON RECTIFIER 


Hermetically sealed 5-ampere jha 

type for use at peak reverse volt- /T\ 

1 MI ^14 ages up to volts. It is used in [Vi 

I » I *¥ generator-type power supplies in l — T 1 J 

mobile equipment; dc-to-dc §on- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en- 
vironmental and mechanical specifìcations. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1616 
except for thè follo wing items: 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


200 max volts 

140 max volts 

200 max volts 
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SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1614. JEDEC No 
DO-4 package; outline 2, Outlines 
oection. 


1N1614R 


SILICON RECTIFIER 

JQA Hermetically sealed 5-ampere 

/ I \ mobile equipment; dc-to-dc con- 

▼ ] : type for us e at peak reverse volt- U M/,p 

VT/ ages up to 400 volts. It is used in I MI615 

verters and battery chargers; power 

toof cZh 6t " a "| litters ’ rf generators, 

vironmental and mechanical specifications^Th deslgned to meet stringent en- 
stud can withstand an installing torque un to 25 in^ 131 C °? Pe ^” alloy mounting 
package; outline 2, Outlines Section Thi ? inch-pounds. JEDEC No. DO-4 
except for thè following items: ' type ls ldentl cal with type 1N1616 

MAXIMUM RATINGS 

: 


Peak Reverse Voltage 
Supply Voltage 
DC Blocking Voltage 


400 max volts 

280 max volts 

400 max volts 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 1N1615. JEDEC No 

Se^tk)n PaCkage; ° UtlÌne 2 ’ ° utlines * 


1N1615R 


SILICON RECTIFIER 


: JOA Hermetically sealed 5-ampere 

f | \ ^P e ^ or Use peak reverse volt- 

( ages up to 600 volts. It is used in 

\ f J generator-type power supplies in USI 1616 

Ifrit m °^ lle equipment; dc-to-dc con- 

5 

vironmental and mechanical specificatiomT u * eet strm gent en- 

stud can withstand an installing torque ud to 25 irv P v» Clal copper-all oy mounting 
package; outline 2, Outlines sfction P mch - p °unds. JEDEC No. DO-4 

MAXIMUM RATINGS 




Peak Reverse Voltage 
RMS Supply Voltage 


600 max volts 
420 max volts 
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DC Blocking Voltage ... ,600 max volts 

Average Forward Current; 

At case temperature of 135° C . 5 max amperes 

At other case temperatures ... See Rating Chart 

Peak Recurrent Current ... ■..... 15 max amperes 

Case-Temperature Range: 

Operating and Storage .... —65 to 175 °C 


RATING CHART 



130 135 140 145 150 155 160 165 170 175 
CASE TEMPERATURE-°C 

92CS-II295T 


CHARACTERISTICS 


Maximum Forward Voltage Drop* ..... 1.5 volts 

Maximum Reverse Current: 

Dynamics ... 1 ma 

Staticf . 0.01 ma 

* At maximum average forward current and case temperature — 25°C. 
t Average value for one complete cycle at maximum peak reverse Voltage, maximum 
average forward current, and case temperature = 135°C. 
t DC value at maximum peak reverse voltage and case temperature = 25°C. 


SILICON RECTIFIER 

This type is a réverse-polarity 
Il MI! Ali&D version of type 1N1616. JEDEC No. 
il IÌN II O I OI% DO-4 package; outline 2, Outlines 
Section. 



1N1763 


SILICON RECTIFIER 

Hermetically sealed 500-milli- 
ampere type for use at peak reverse 
voltages up to 400 volts. It is used in 
power supplies of color and black- 
and-white television receivers, ràdio 
receivers and phonographs, and in 



other rectifying applications. This type is intended for rectifier applications in 


which thè device operates direct from a power line at ac voltages up to 140 


volts. JEDEC No. DO-1 package; outline 1, Outlines Section. For forward- 
characteristic curve, refer to type 1N3196. 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, sinale- 
phase opèration , with capaeitor input to filter 


Peak Reverse Voltage . 400 max Volts 

RMS Supply Voltage ... 140max volts 

Average Forward Current: 

At ambient temperatures up to 75°C ... 500 max ma 

At ambient temperatures above 75°C .... See Rating Chart 

Peak Recurrent Current: 

At ambient temperatures up to 75 °C ... 5 max amperes 

At ambient temperatures above 75°C . See Rating Chart 


TechnicaJ Data 


Surge Current (for tum-on titne of 2 milUseconds duratimi ^ • 

At ambient temperatures up to 75°C auration). 

* At ambient temperatures above 75°C . 

Ambient-Temperature Range: ... See . 

Operating . 

Storage .. !!!!!!!!! . ~~^tol00 

CHARACTERISTICS 

Maximum Forward Voltage Drop* 

Maximum Reverse Current (at maximum' peak révérsé vòitaéè) : 3 

At ambient temperature of 25°C everse voixagej. 

At ambient temperature of 100°C .. i 


35 max amperes 
See Rating Chart 


" Instantaneous value at 


average forward amperes = 15 and ambient temperature = 25°C. 


RATING CHART 


TYPE INI763 ' 

- SUPPLY FREGUENCì 

r=6o cps 

L 1 

— 














r 







Y 







3 









TYPICÀL CHARACTERISTICS 

FULL-WAV E VOLTAGE DIVIDER 
TYPE INI763 ‘ ' 1 I T 

AMBIENT TEMPERATURE = 25°C 
-SUPPLY FREQUENCY = 60 CPS 

input <W ^ T W 

— 117 VOLTS AC OHMS 'P- C OC 


AMBIENT TEMPERATURE-°C 

92CS-9727T2 



--50 — 


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

OC LOAD AMPERES 

9ZCS-97I6T 


TYPICAL OPÈRATION 


As Hatf-Wave Rectifier 


RMS Supply Voltage .. 

Filter-Input Capaeitor .. 

Surge-Limiting Resistancef * * *. 

At 0 bn?-?i^5 Itage (A P p ^-) at input to filter : * 
Ai currer \ t of 250 milliamperes .... 

v At o ^ uU - load , current of 500 milliamperes 
Voltage Regulation (Approx.): y 

Half-load to full-loacl current 


117 

117 

117 

volts 

50 

100 

250 

{lf 

5.6 

5.6 

5.6 

ohms 

126 

146 

150 

volts 

100 

132 

139 

volts 

26 

14 

11 

volts 


As Half-Wave Voltage Doublet 


RMS Supply Voltage . 

Filter-Input Capaeitor .”. 

Resistanoci . . ! !. 

D At°h^?f lt i^? tage (App r° x -) at input to filter; * 
At ìv?rf~i loa J? curren , t °f 250 milliamperes .. 

?. urre ( 1 ‘ of 500 milliamperes .. 

’ u- if e i Relation (Approx.) : 

Half-load to full-load current 


As Full-Wave Voltage Doubler 


RMS Supply Voltage ... 

Filter-Input Capaeitor . 

ResistanceV ' ! ! !. 

4 +°^?^ V ^ tage (Approx.) at inputto filter :* 
At f, n M ? current of 250 milliamperes .. 
ul L load , current of 500 milliamperes 
Regulation (Approx.): P 

Half-load to full-load current 

t The transformer series resistance or n+Hm* 


thè value shown series resist ance or other resistance in thè line may be deducted from 


OO 
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SILICON RECTI FIER O* 

Hermetically sealed 500-miIli- S X 

ampere type for use at peak reverse f ^ y \ 

1 IVI 1 7B\ A voltages up to 500 volts. It is used V J 

I INI I B in power supplies of color and black- 

and-white television receivers, radio A K 

receivers, and phonographs, and in ^ , 

other rectifying application^. This type is intended for rectifìer applicatìons m 
which thè device operates from thè power line through a step-up transformer 
at ac output voltages up to 175 volts. JEDEC No. DO-1 package; outhne , 
Outlines Section. For forward-characteristic curve, refer to type 1N3196. 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps.sina\e- 
phase operation, with capacitar input to jilter 


Peak Reverse Voltage . volte 

RMS Supply Voltage .. 175 max 

Average Forward Currentt ROO max ma 

At ambient temperatures up to 75 C ...• ■ • Ree Rating Chart 

At ambient temperatures above 75 °C . ttaunB 

Peak Recurrent Current: 5 max amperes 

At ambient temperatures up to 75 C. Rating Chart 

At ambient temperatures above 75°C .... ■ • • ■ - • ■ • -v ; • * ‘ 5 

Surge Current (for turn-on time of 2 miUaseconds durati ) . max amperes 

At ambient temperatures up to 75°C . „ Rating Chart 

At ambient temperatures above 75°C . * 

Ambient-Temperature Range: _65 to 100 °C 

Operating .... • • ■ _ &5 to 150 

Storage .-.*. 

CHARACTERISTICS 3 ^ 

SI 'peak'reverse voltage) 

At ambient temperature of 25°C .. x ma 

At ambient temperature of 100 C . 

» instantaneous value at average forward amperes = 15 and ambient temperature = 25-C. 


—65 to 100 
—65 to 150 


RATING CHART 


-1-1-1- r 

TYPE INI764 
_ SUPPLY FREQUENCY 

=60 CPS | 

—r 

— 























T 


— 






\ 


> 

)- 









TYPICAL CHARACTERISTICS 
FULL-WAVE VOLTAGE DIVIDER 

TYPE INI764 ' 1 ~~ I_ 

AMBIENT TEMPERATURE 3 25 C 
_SUPPLY FREQUENCY= 60 CPS 

6.8 OHMS . * 


INPUT 

‘ 117 VOtTS AC 


AMBIENT TEMPERATURE-C 

92CS-9727T2 



0.2 0.3 04 0.5 

DC L0A0 AMPERES 


TYPICAL QPERATI0N 


As Half-Wave Rectifìer 


RMS Supply Voltage . 

Filter-Input Capacitar .. 

Surge-Limiting Resistancet ; v ■ ì-'-m ' '' 

DC Output Voltage (Approx.) at input to filter. 
At half-load current of 250 milliamperes 
At full-load current of 500 milliamperes 
Voltage Regulation (Approx.): 

Half-load to full-load current . 


150 

150 

150 

volts 

50 

100 

250 

ni 

6.8 

6.8 

6.8 

ohms 

158 

184 

190 

volts 

128 

170 

178 

volts 

30 

14 

12 

volts 
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As HaH-Wave Voltage Doubler 

RMS Supply Voltage . 150 150 volts 

Filter-Input Capacitor . 100 250 ni 

Surge-Limiting Resistancet . 6.8 6-8 ohms 

DC Output Voltage (Approx.) at input to filter: 

At half-load current of 250 milliamperes .... 345 367 volts 

At full-load current of 500 milliamperes .... 301 336 volts 

Voltage Regulation (Approx.) : 

Half-load to full-load current . 44 31 volts 

As FuU-Wave Voltage Doubler 

RMS Supply Voltage . 150 150 150 volts 

Filter-Input Capacitor . 50 100 250 /if 

Surge-Limiting Resistancet . 6.8 6.8 6.8 ohms 

DC Output Voltage (Approx.) at input to filter: 

At half-load current of 250 milliamperes _ 340 370 380 volts 

At full-load current of 500 milliamperes _ 290 340 360 volts 

Voltage Regulation (Approx.) : 

Half-load to full-load current . 50 30 20 volts 

t The transformer series resistali ce or other resistance in thè line may be deducted from 
thè value shown. 


DI0DE 



Hermetically sealed germanium 
type used to compensate for thè ef- 
fects of temperature and supply- 
voltage changes in class B push-pull 
audi o-frequency power-amplifier 
stages. In a typical af power-ampli- 


1N2326 


fier circuit, it maintains thè bias voltage applied to thè output stage within 
±0.015 volt for supply-voltage variations up to —40 per cent, and simul- 


taneously compensates for ambient-temperature variations over thè range from 
—20 to 71°C. Package is similar to JEDEC No. TO-1 (outline 4, Outlines Sec¬ 
tion) except that lead No. 3 is omitted. 


MAXIMUM RATINGS 

Temperature and voltage-compensation Service 

Peak Forward Current . 200 max ma 

Reverse Voltage* . —1 max volt 

Average Forward Current . 100 max ma 

Ambient-Temperature Range: 

Operating and Storage . —65 to 85 °C 


CHARACTERISTICS 

Forward Voltage Drop: 

At average forward ma — 2 ..... 135 mv 

At average forward ma — 100 .. 260 mv 

* Operation with reverse voltages is not recommended. 


TYPICAL FORWARD CHARACTERISTIC 



92CS-I0I40TI 



AVERAGE FORWARD MILUVOLTS 

92CS-I0I41TI 
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SILICON RECTIFIER 


Hermetically sealed type used in 
power-supply applications at peak ( \ 

TI KIIOOCQ reverse voltages up to 50 volts. This l - T— J 

I IiaMO type has a maximum average-for- I 

ward-current rating of 750 milli- 
amperes for resistive or inductive 

loads and 500 milli amperes for capacitive loads. JEDEC No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operation 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 

CHARACTERISTICS 


Resistive or 

Capacitive 



Inductive Load 

Load 



50 max 

50 max 


volts 

35 max 

17 max 


volts 

50 max 

50 max 


volts 

ji peak reverse voltage) . 

0.4 

ma 


SILICON RECTIFIER Qa 

Hermetically sealed type used in 
power-supply applications at peak r 1F 1 

1 M9SK0 reverse voltages up to 100 volts. This V- - ) 

■ type has a maximum average-for- 

ward-current rating of 750 milli- 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
thè following items: 


MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operation 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


Resistive or 
Inductive Load 
100 max 
70 max 
100 max 


Capacitive 
Load 
100 max 
35 max 
100 max 


CHARACTERISTICS 

Maximum Reverse Current (at maximum peak reverse voltage^ . 


SILICON RECTIFIER Oa 

Hermetically sealed type used in S* X 

power-supply applications at peak f \ 

1 KI9QAA reverse voltages up to 200 volts. This l- J 

I INZiOOl# type has a maximum average-for- 
ward-current rating of 750 milli- 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
thè following items: 
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MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single-phase operation 


Peak Reverse Voltage 

SP.2SS ?Sié : 


Resistive or 
Inductive Load 
200 max 
140 max 
200 max 


200 max 
70 max 
200 max 


CHARACTERISTICS 

Maximum «everse Current (at maximum peak reverse voltage) 


Oa SILICON RECTIFIER 

f i_\ Hermetically sealed type used in 

f V j power-supply applications at peak 

V J reverse voltages up to 300 volts. This ....... 

lype has a maximum average-for- I IN ZOO I 
<V ward-current rating of 750 milli- 

loads and 500 amperes , for resistive or inductive 

outline lf OutCs Sm 3 ^ ^ JE ? EC No ' D °- 1 Package; 

thè following items: ^ ^ I( ^ entlca ^ type 1N2864 except for 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single-phase operation 


Peak Reverse Voltage 
DC^UicSmg Voltage I 


Resistive or 
Inductive Load 
300 max 
210 max 
300 max 


Capacitive 
Load 
300 max 
105 max 
300 max 


9* SILICON RECTIFIER 

f \ Hermetically sealed type used in 

▼ Power-supply applications at peak 

VT J reverse voltages up to 400 volts. This ....... 

type has a maximum average-for- 1N2862 
0K ward-current rating of 750 milli- 

loads and 500 m iir amperes . for resistive or inductive 
outline X, Outlin^S^tk>m S This ; apac * tì ^ loads - -^EC No. DO-1 package- 
thè following items: ^ ^ 13 ldentlcal with type 1N2864 except for 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single-phase operation 


Peak Reverse Voltage 

DCbM| ditele . 


Resistive or 
Inductive Load 
400 max 
280 max 
400 max 


Capacitive 
Load 
400 max 
140 max 
400 max 


9 A SILICON RECTIFIER 

® Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 500 volts. This 1lllAA ,^ 

ÓK ,N2863 

— - - ^ ^ 
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outline 1, Outlines Section. This type is identical witb type 1N2864 except for 
thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operation 


Peak Reverse Voltage 
RMS Supply Voltage 
DC Blocking Voltage 


Resistive or Capacitive 

Inductive Load koad vnitc 

500 max 500 max vnlts 

350 max 175 max ... volg 

500 max 500 max voits 


1N2864 


SILICON RECTIFIER 

: Hermetically sealed type used in 
power-supply applìcations at peak 
reverse voltages up to 600 voits. This 
type has a maximum average-for- 
ward-current rating of 750 milli- 
amperes for resistive or inductive 



aiiipertrs xui x » v, —--- . 

loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package; 
outline 1, Outlines Section. 


MAXIMUM ^ r T ^^ r _ s1ippIy frequency of 60 cps, single-phase operation 

Resistive or Capacitive 

Inductive Load 

Peak Reverse Voltage . ... 420 Sax 210 mix voits 

^ S B1 ® vS :::::::::::: . eoo max eoo max 

Avérage Forward Current: 

At ambient températures up 750 max 500 max ma 

to 75°C ... 

At ambient temperatures g ee Rating Chart I 

above 75°C . t 

Surge Current: _ . , 

For one cycle at ambient max 40 max amperes 

temperature of 25°C 

For more than one cycle and at Rating Chart II 

other ambient temperatures .. ■ ■ 

Ambient-Temperature Range: _65 to 125 ^65 to 125 ° c 

Operating and Storage . 



RATING CHART H 


TYPE IN 2864 



SURGE -CURRENT DURWTON-CYCLEj^ m76T 


CHARACTERISTICS 1.2 voits 

. DC value at average forward ma = 500 and ambient temperature - C. 
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See RCA TÙNNEL DIODE CHART startirig on page 
324 for complete data on these types. 


1N3128 

to 

1N3130 


Qk SILICON RECTIFIER 

/T\ Hermetically sealed type used in 

/ -4— \ power-supply applications at peak 

l ) reverse voltages up to 200 voits. This ■« QO 

type has a maximum average-for- “ IN-sJ I £ 

HT ward-current rating of 750 milli- 

amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEC No. TO-1; outline 21, Outlines Section. This type is 
identical with type 1N3196 except for thè following items: 

MAXIMUM RATINGS 

For power-supply -frequency of 60 cps, single-phase operation 



Resistive or 

Capacitive 



Inductive Load 

Load 


Peak Reverse Voltage . 

200 max 

200 max 

voits 

RMS Supply Voltage .. 

Average Forward Current: 

140 max 

70 max 

voits 

At ambient temperatures up 




to 75°C . 

750 max 

500 max 

ma 

Peak Recurrent Current . 

— 

6 max 

amperes 



SILICON RECTIFIER 


Hermetically sealed type used in 
power-supply applications at peak 
reverse voltages up to 400 voits. This 
type has a maximum average-for - 
ward-current rating of 750 milli¬ 
amperes for resistive or inductive 


1N3194 


loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 


temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEC No. TO-1; outline 21, Outlines Section. This type is 
identical with type 1N3196 except for thè following items: 


TYPICAL CHARACTERISTICS 
HALF-WAVE VOLTAGE DIVIDER 



DC LOAD AMPERES 



92CS-I09I6TI 


92CS-109I8TI 
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MAXIMUM RATINGS 

For power-supply trequency ot 60 cps, single-phase operativo 


Peak Reverse Voltage. 

RMS Supply Voltage . 

Average Forward Current: 

At ambient temperatures up 

to 75°C . 

Peak Recurrent Current . 


Resistive or 
Inductive Load 
400 max 
280 max 


400 max 
140 max 


500 max 
6 max 


ma 

amperes 


SILICON RECTI FI ER O* 

Hermetically sealed type used in 
power-supply applications at peak f —4— \ 

I KIIO^I OC reverse voltages up to 600 volts. This \ " j 

II lO II 7 3 type has a maximum average-for- 

ward-current rating of 750 milli- AT 

amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEC No. TO-1; outline 21, Outlines Section. This type is 
identica! with type 1N3196 except for thè following items: 

MAXIMUM RATINGS 

Fot power-supply frequency of 60 cps, single-phase operàtion 


Peak Re verse Voltage. 

RMS Supply Voltage . 

Average Forward Current: 

At ambient temperatures up 

to 75°C . 

Peak Recurrent Current . 


Resistive or 
Inductive Load 
600 max 
420 max 


Capacitive 
Load 
600 m ax 
210 max 


500 max 
6 max 


ma 

amperes 


SILICON RECTIFIER Oc 

Hermetically sealed type used in 
power-supply applications at peak f — r— \ 

1 MIO 11 OA reverse voltages up to 800 volts. This l ^ ) 

1 Il 70 type has a maximum average-for- 

ward-current rating of 500 milli- 
amperes for resistive or inductive Oa 

loads and 400 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEG No. TO-1; outline 21, Outlines Section. 

MAXIMUM RATINGS 

Fot power-supply frequency of 60 cps, single-phase operàtion 


Peak Reverse Voltage... 

RMS Supply Voltage . 

Average Forward Current: 

At ambient temperatures up 

to 75°C . 

At other ambient temperatures . 

Peak Recurrent Current . 

Surge Current: 

For tum-on time of 2 

milliseconds duration . 

Ambient-Temperature Range : 

Operating. 

Storage . 

Lead Temperature: 

For 10 seconds maximum. 


Resistive or 
Inductive Load 
800 max 
560 max 


Capacitive 
Load 
800 max 
280 max 


500 max 400 max 

See Rating Chart 
— 5 max 


-65 to 100 
-65 to 175 


—65 to 100 
-65 to 175 
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CHARACTERISTICS 

Maximum Forward Voltage Drop*'...'.'.. . 12 volte 

Maximum Reverse Current: . X 

Staùct ...... 0.005 ma 

* Instantaneous value at average forward amperes = 0.5 and ambient temperature . 25°C. 

t Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 75°C. 

7 pea ^ reverse volts, average forward current = 0, and ambient 


RATING CHART 



92&S-97£7Tg 



SILICON RECTIFIER 


f I Hermetically sealed type used in 

( À ~ ] power-supply applications at peak 

VI J r o verse voltages up to 200 volts. This ■■ 

type has a maximum average-for- I INOXjO 
A ward-current rating of 750 milli- 

amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age i s similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is 

ty ? e 1N3193 exce Pt that it has a transparent, high-dielectric- 
strength plastic sleeve over thè metal case. 



SILICON RECTIFIER 


Hermetically sealed type used in 
power-supply applications at peak 
reverse voltages up to 400 volts. This 
type has a maximum average-for- 
ward-current rating of 750 milli¬ 
amperes for resistive or inductive 


1N3254 


loads and 500 milliamperes for capacitive ìoads. ItiTdesìgned to meet stringent 


temperature-cycling and humidity requirements of criticai applications Pack- 
agc is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is 

sfreni Tj. 1:ype 1N3194 ®«ept that it has a transparent, high-dielertric- 
strengtn plastic sleeve over thè metal case. 
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SILICON RECTIFIER Ok 

Hermetically sealed type used in 
power-supply applications at peak ( -dr~ \ 

1 reverse voltages up to 600 volts. This l J 

I r type has a maximum average-for- 

ward-current rating of 750 mòlli- TT 

amperes for resistive or induetive 

loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is 
identical with type 1N3195 except that it has a transparent, high-dielectric- 
strength plastic sleeve over thè metal case. 


SILICON RECTIFIER Ok 

Hermetically sealed type used in 
power-supply applications at peak j L j 
Il reverse voltages up to 800 volts. This V J 

1 N4Ì30 type has a maximum average-for- \- s 

ward-current rating of 500 milli- A 

amperes for resistive or induetive ^ 

loads and 400 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is 
identical with type 1N3196 except that it has a transparent, high-dielectric- 
strength plastic sleeve over thè metal case. 


SILICON RECTIFIER Ok 

Hermetically sealed type used in 
power-supply applications at peak ( ^ \ 

1 reverse voltages up to 1000 volts. V j 

1 TMO303 This type has a maximum average- 

forward-current rating of 400 milli- T 

amperes for resistive or induetive 

loads and 300 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of criticai applications. Pack¬ 
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. In addition, 
this type has a transparent, high-dielectric-strength plastic sleeve over thè 
metal case and a protective coating to guard against thè effeets of severe= en- 
vironmental conditions. This type is electrically identical with type 1N3196 
except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operauon 


Peak Reverse Voltage . 

RMS Supply Voltage . . .. 

Average Forward Current: 

At ambient temperatures up 

to 75°C ... 

Peak Recurrent Current . 


Resistive or 
Induetive Load 
1000 max 
700 max 


Capacitive 
Load 
1000 max 
350 max 


300 max 
4 max 


ma 

amperes 
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SILICON RECTIFIER 


©a Hermetically sealed 125-milli- 

ampere type used in power-supply 
f I \\ applications at peak reverse voltages '| 

(T)- f ^ up to 100 volts. This type is designed I IMO/ 3^? 

K V * J to meet stringent temperature- 

^- ^ cycling and humidity requirements 

of criticai applications. Package is similar to JEDEC No. TO-1 (outline 4, Out- 
lines Section) except that lead No. 3 is omitted. It is identical with type 1N3756 
except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operatlon, with capacitive load 

Peak Reverse Voltage .. 100 max volts 

RMS Supply Voltage .. 35 max volts 


100 max 
35 max 


SILICON RECTIFIER 

©a Hermetically sealed 125-milli- 

ampere type used in power-supply 
f . V\ applications at peak reverse voltages i KIOTCC 

(T)-i — U P to 200 volts. This type is designed I IM 3/ 33 
K V * J to meet stringent temperature- 

^- ' cycling and humidity requirements 

of criticai applications. Package is similar to JEDEC No. TO-1 (outline 4, Out¬ 
lines Section) except that lead No. 3 is omitted. It is identical with type 1N3756 
except for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operation, with capacitive load 

Peak Reverse Voltage . 200 max volts 

RMS Supply Voltage . 70 max volts 


200 max 
70 max 


SILICON RECTIFIER 

. - ' ©a Hermetically sealed 125-milli- 

ampere type used in power-supply 
f . \\ applications at peak reverse voltages *j KI07C/1 

(7 y~l — W ^ j U P t° 400 volts. This type is designed ■ IMO/ 33 

K V I J to meet stringent temperature- 
Ns "-—^ cycling and humidity requirements 

of criticai applications. Package is similar to JEDEC No. TO-1 (outline 4, Out¬ 
lines Section) except that lead No. 3 is omitted. 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single-phase operation, with capacitive load 

Peak Re verse Voltage . 400 max volts 

RMS Supply Voltage . 140 max volts 

Average Forward Current : 

At ambient temperatures up to 65°C . 125 max ma 

At ambient temperatures above 65°C . See Rating Chart 

Peak Recurrent Current ... 1.3 max amperes 

Surge Current: 

For turn-on time of 2 milliseconds duration . 30 max amperes 

Ambient-Temperature Range : 

Operating .. —65 to 100 °C 

Storage .—65 to 175 °C 

Lead Temperature: 

For 10 seconds maximum . 255 max °C 

CHARACTERISTICS 

Maximum Forward Voltage Drop* . 1 volt 


400 max volts 

140 max volts 

125 max ma 

See Rating Chart 

1.3 max amperes 

30 max amperes 
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Maximum Reverse Current: 

Dynamics . 

Staticf . 


* Instantaneous value at maximum average forward current and ambiént temperature 
— 25°C 

t Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 65°C. 
t DC value at maximum peak reverse voltage, average forward current = 0, and ambient 
temperature — 25° C. 


RATING OH ART 


- -1——1-1 

TYPE IN3756 
.SUPPLY FREQUENO 

-!- 

= 60 CPS 


















































TYPICAL REVERSE CHARACTERISTICS 
I TYPE IN3754, IN3755, a IN3756 


-\ - DYNAMIC CHARACTERISTICS- 

—-{AT MAXIMUM AVERAGE 

- FORWARD CURRENT AND - 

A AMBIENT TEMPERATURE =6^0 


AMBIENT TEMPERATURE—°C 

92CS-II670 

TYPICAL CHARACTERISTICS 
_ HALF-WAVE recti fier 

TYPE IN3756 f ^ 1 

AMBIENT TEMPERATURE = 25 G 
-SUPPLY FREQUENCY= 60 CPS — 


INPUT 

117 VOLTS RMS 


I ANIBILN 


JlN3756_ 


STATIC CHARACTERISTICS 
“(AT AVERAGE FORWARD 
CURRENT = Ò AND AMBIENT 
TEMPERATURE = 25°CÌ 


25 50 75 100 125 150 

DC LOAD MILLIAMPERES 

92CS-II672T 


0 50 100 150 200 250 300 350 400 

REVERSE VOLTS 

92CM-JJ671T 


1N3847 

to 

1N3863 


See ECA TUNNEL DIODE CHART for complete 
data on these tunnel diodes and rectifìers. 


TWIN DIODE 

Hermetically sealed germanium s v 

type used in high-speed switching f . ■ \ 

Service in electronic data-processing CD - Ut 1 J ^ 

2DG001 systems. Maximum ratings: de re- 
verse voltage = —20 volts; average 
forward current = —40 milliamperes; @ A 

ambient temperature range = —65 to 85°C. Package is similar to JEDEC No. 
TO-33 (outline 13, Outlines Section) except that lead No. 2 is omitted. This is 
a discontinued type listed for reference only. 
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TRANSISTOR 



Germanium p-n-p type used 
in low-power audio-frequency am- 
plifìer applications. In a common- 
emitter circuit, this type has a 
forward-current transfer ratio of 44, 
a low-frequency power gain of 41 


2N104 


db, and an integrated noise factor of 12 db maximum. JEDEC No. TO-40 pack¬ 


age; outline 15, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) .. —30 max volts 

Collector Current . —50 max ma 

Emitter Current . 50 max ma 

Transistor Dissipation: 

At ambient temperatures up to 25°C . 150 max mw 

At ambient temperature of 50 °C . 80 max mw 

At ambient temperature of 70°C . 30 max mw 

Ambient-Temperature Range: 

Operating ... — 65 to 70 °C 

Storage .. — 65 to 85 °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector /xa = —20 

and emitter current — 0) . —30 min volts 

Collector-CutofE Current (with collector-to-base volts = —12 

and emitter current = 0) . —10 max jua 

Emitter-Cutoff Current (with emitter-to-base volts — —12 and 

collector current = 0) ...... —10 max jua 

Thermal Resistance: 

Junction-to-ambient .. 0.4 °C/mw 


In Common-Base Circuit 


Small-Signal Forward-Current-Transfer- 
Ratio Cutofli Frequency: 

With collector-to-base volts = —6 and collector ma = —1 .. 700 kc 

With collector-to-base volts = —3 and collector ma = —0.2 . 530 kc 

Power Gain (with collector-to-emitter volts = —6, collector ma 
= —1, input resistance = 170 ohms, and load resistance = 

0-5 megohm) . 32.4 db 


TYPICAL COLLECTOR CHARACTERISTICS 



0 -2-4-6 -8 -IO -12 -14 -16 

C0LLECT0R-T0-EMITTER VOLTS 92CM-85I2T) 


In Common-Emitter Circuit 

Small-Signal Forward-Current-Transfer- 
Ratio CutofiE Frequency: 

With collector-to-emitter volts = —6 and collector ma ~ —1 13 9 kc 

With collector-to-emitter volts = —3 and collector ma — —0.2 16 5 kc 
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Power Gain (with collector-to-emitter volte = —6, collector ma 
= -l> input resistance - 1400 ohms, and load resistance -- 

20000 ohms) . 41 ^ 

Noise Figure (with colleetor-to-emi'tter volte’= —4,’ collector ma 
= —0-7, and generator resistance = 518 ohms) . 12 max db 

In Common-Collec/or Circuit 

Power Gain (with emitter-to-collector volte = — 3, collector ma 
= —0.2, input resistance = 0.5 megohm, and load resistance 
— 18000 ohms) . ..... 14 3 


TYPICAL COLLECTOR CHARACTERISTICS 



0 "0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 


COLLECTOR-TO-EMITTER VOLTS 92CM-8524TI 


See list of Discontinued Transistors at end of Tech¬ 
nical Data Section for abbreviated data. 


transìstor 


2N109 


Germanium p-n-p type used 
in large-signal audio-frequency am- 
plifier applications. It is used in 
class B push-pull power-output 
stages of battery-operated portable 
radio receivers and audio amplifìers 



and in class A high-gain driver stages. JEDEC No. TO-40 package; outline 15, 
Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Emitter Current . 

Transistor Dissipation: 

At ambient tempera tur es up to 25° C . 

At ambient temperatures above 25°C . 

Temperature Range: 

Operating .. 

Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volte 

and emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volte = — 

collector current = 0) . 

Base-to-Emitter Voltage (with collector-to-emitter volt 
and collector ma = —50 ma) . 


—35 max volte 

—25 max volte 

■ —12 max volte 

—150 max ma 

70 max ma 

165 max mw 

See curve page 80 

-65 to 71 °C 

-65 to 85 °C 

255 max °C 


= -30 



12 and 

—7 max 

£ta 

— _4 

—7 max 

ga 


0.2 to 0.4 

volt 


Collector-to-Emitter Saturation Voltage (with collector ma = 
—50 and base current - —5 mai 

Collector-to-Base Breakdown Voltage (with collector ’ ua "=' —5Ò 

and emitter current = 0) . 

Emitter-to-Base Breakdown Voltage (with emitter /ia = —7 and 

collector current = 0) . 

Collector-to-Emitter Breakdown Voltage (with ' coilector ma ’ = 
—1 and base current = 0) . 

Srt Common-Base Circuit 

ColIector-to-Base Capacitance (with collector-to-base volte = 
—6 and emitter current = 0) . 

In Common-Emifter Circuit 


—0.15 max 
—35 min 
—12 min 
—25 min 

20 to 60 


DC Forward Current-Transfer Ratio 
volte = —6, collector ma = —1, and 
Input Resistance at 1 kilocycle . 


(with collector-to-emitter 
frequency = 1 kilocycle) 50 to 150 
. 1000 to 4000 


volt 

volte 

volte 

volte 

pf 


ohms 


TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 

Values are for two transistors except as noted 


DC Collector-to-Emitter Supply Voltage ... 

DC Base-to-Emitter Voltage . 

Peak Collector Current (approx.) per transistor. 

Maximum-Signal DC Collector Current (approx.) per"* 

transistor . 

Zero-Signal DC Collector Current (approx.’)' per'transistor 

Signal-Source Impedance per base . 

Load Impedance per collector . 

Signal Frequency . 

Circuit Efficiency at maximum rated output. 

Power Gain . 

Total Harmonic Distortion . '*’’**’’ 

Maximum-Signal Power Output . 


-4.5 

-9 

volte 

—0.15 - 

0.15 

volt 

-35 

-40 

ma 

—11.5 

-13 

ma 

—2 

—2 

ma 

375 

375 

ohms 

100 

200 

ohms 

1 

1 

kc 

60 

69 

per cent 

30 

33 

db 

10 max 

10 max per cent 

75 

160 

mw 
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TRANSISTOR 


2N139 


Germanium p-n-p type used 
primarily in 455-kilocycle inter- 
mediate^frequency amplifièr Appli¬ 
cations in battery-operated portable 
radio receivers and automobile radio 
receivers operating from either a 



6-volt or a 12-volt supply. JEDEC No. TO-40 package; outline 15, Outlines 


Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 

Emitter-to-Base Voltage (with collector open) .. 

Collector Current . 

Emitter Current . 

Transistor Dissipation ... 

Ambient-Temperature Range : 

Operating .. *... 

Storage .. 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector /ia 

_ : —10 and emitter current — 0) .... 

Collector-CutofE Current (with collector-to-base volts = —12 

and emitter current — 0) ... 

Emitter-CutofE Current (with emitter-to-base volts = —12 
and collector current = 0) . 

In Common-Base Circuit 


—16 max volts 

—12 max volts 

—15 max ma 

15 max ma 

35 max mw 

—65 to 70 °C 

-65 to 85 °C 


—16 min volts 

—6 max fia 

—40 max /za 


Small-Signal Forward Current-Transfer Ratio: 

With collector-to-base volts = —9 and collector ma = —0.5 .. 0.978 

With collector-to-base volts = —9 and collector ma = — 1 .... 0.98 

Small-Signal Forward-Current-Transfer-Ratio CutofE Frequency: 

With collector-to-base volts = —9 and collector ma = —0-5 .. 4.5 

With collector-to-base volts = —9 and collector ma — —1 .... 4.7 

In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —9 and collector ma = — 0.5 . 45 

With collector-to-emitter volts = —9 and collector ma — —1 .. 48 


TYPICAL OPERATION IN 455-KC IF AMPLI PIER CIRCUIT 


DC Collector-to-Emitter Voltage 

DC Collector Current .. 

Input Resistance (approx.) . 

Output Resistance (approx.) ... 
Maximum Power Gain (approx.) 
Useful Power Gain (approx.) .. 
Spot Noise Figure (approx.) ... 


-9 

-0.5 

1000 

70000 

38 

27.6 

4.5 


— 9 
-1 
500 
30000 
37 
30.4 
4.5 


volts 

ma 

ohms 

ohms 

db 

db 

db 


TYPICAL COLLECTOR CHARACTERISTICS 
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TRANSISTOR 

Germanium p-n-p type used 
S primarily in converter and mixer- 

f f ~\ n } oscillator applications in AM battery- O 1 IVI A 

-L/" operated portable radio receivers and aI^II 2 

e s c automobile radio receivers operating 

from either a 6-volt or a 12-volt 

supply. JEDEC No. TO-40 package; outline 15, Outlines Section. For curves 
of typical collector characteristics, refer to type 2N139. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. —16 max volts 

Emitter-to-Bàse Voltage (with collector open) .. —0.5 max volt 

Collector Current . —15 max ma 

Emitter Current ......., 15 max ma 

Transistor Dissipation . 80 max mw 

Ambient-Temperature Range : 

Operating .... . v.... —65 to 71 °C 

Storage ....... —65 to 85 ®C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector uà = —10 

and emitter current = 0) —16 min volts 

Collector-CutofE Current (with collector-to-base volts = —12 

and emitter : current = 0) . —6 max /*a 

Emitter-CutofE Current (with emitter-to-base volts — —0.5 

and collector current = 0) . —12 max /s.a 

In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio 

(with collector-to-emitter volts — —9 and collector ma = —0.6) 75 

TYPICAL OPERATION AT 1 MC IN SELF-EXCITED CONVERTER CIRCUIT 

DC Collector-to-Emitter Voltage . —9 volts 

DC Collector Current . —0.6 ma 

RMS Base-to-Emitter OscillatorTnjection Voltage (approx.): ... 100 mv 

Input Resistance (approx.) .../_ 700 ohms 

Output Resistance (approx.) .. 75000 ohms 

Usefùl Conversion Power Gain (approx.) . 32 db 


—16 max 
—0.5 max 
—15 max 
15 max 
80 max 


-16 min volts 


POWER TRANSISTOR 

JEP Germanium p-n-p type used in 

f \\ a wide variety of switching and am- 
[s<K\ \> plifier applications in industriai and »k ■ -jj 

c\ | * J military equipment requiring tran- ZIY li / O 
sistors having high voltage, current, 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifièr Service. This type is designed to provide satisfac- 
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to prò vide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TO-3S package; outline 14, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) .. —60 max volts 

Emitter-to-Base Voltage (with collector open) . —40 max volts 

Collector Current . —15 max amperes 

Emitter Current . 15 max amperes 

Base Current .. —4 max amperes 

Transistor Dissipation: 

At case temperatures up to 25°C . 150 max watts 

At case temperatures above 25 °C . See curve page 80 

Case-Temperature Range : 


—60 max volts 
—40 max volts 
—15 max amperes 
15 max amperes 
—4 max amperes 

150 max watts 
See curve page 80 


Operating and Storage ..—65 to 100 
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CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 

= 0.3 . 

With base open and collector amperes = 0.3 .. 

With base open and collector amperes = —1 .. 

Base-to-Emitter Voltage (with collector-to-emitter volts = —2 

and collector amperes = —5) .. ■ 

Emitter-to-Base Voltage (with collector-to-base volts = —80 

and emitter current = 0) .- 

Collector-to-Emitter Saturation Voltage (with collector 

amperes = —12 and base amperes = —2) . 

Collector-to-Emitter Reach-Through Voltage . 

Emitter-Cutoff Current (with emftter-to-base volts —40 

and collector current — 0) .- 

Collector-Cutoff Current: 

With collector-to-base volts = —2 and emitter current = 0 .. 
With collector-to-base volts = —60 and emitter current = 0 .. 

Thermal Resistance (junction-to-case) ... 

Thermal Capacity (for pulses in thè l-to-10-milhsecond range) , 
Thermal Time Constant .. 


—50 min volts 

—50 volts 

—45 min volts 

—0.65 volt 

—0.15 volt 

—0.3 volt 

—60 min volts 

—1 ma 

—100 Ata 

—2 ma 

0.35 ° C/watt 

0.075 watt-sec/°C 
26.25 msec 


In Commnn-EmHter Circuit 

DC Forwaxd Current-Transfer Ratio (with collector-to-emitter 
VOitS = — 2)1 

With collector amperes = — 5 ...* 35to m 

With collector amperes = —12 .. 

Small-Signal Forward-Current-Transfer-Ratio Cutoff 

Frequency (with collector-to-emitter volts — —6 and collector 

amperes = —5) ... ••*** KC 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2NI73 



0 -0,2 -0.4 -0.6 -0.8 

BASE-TO-EMITTER VOLTS 

92CS-10709T 


TYPICAL TRANSFER CHARACTERISTICS 



BASE AMPERES 

92CS-!07iaT 



Q 1 ' rio -20 -30 -40 -50 -60 

COLLECTOR-TO-EMITTER VOLTS 92CM-10722T 
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TYPICAL 0PERATI0N IN POWER-SWITCHINC CIRCUIT 

DC Collector Supply Voltage ... 

DC Base Supply Voltage . 

On DC Collector Current . 

Tum-Ofl DC Base Current . ... 

Tum-Off DC Base Current . 

Switching Time: 

Rise tóme . 

Fall time ... ..... 


—12 

volts 

6 

volts 

—12 

amperes 

—2 

amperes 

0 

amperes 

15 

Asec 

15 

fise c 


POWER TRANSISTOR 





Germanium p-n-p type used in 
a wide variety of switching and am- 
plifìer applications in industriai and 
military equìpment requiring tran- 
sistors having high voltage, current, 
and dissipation values. It is used in 


2N174 


power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 


power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 


oscillator and audio-amplifier Service. This type is designed to provide satisfac- 


tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TG-36 package; outline 14, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Emitter Current .. 

Base Current . 

Transistor Dissipation: 

At case temperatures up to 25°C . 

At case temperatures above 25°C . 

Case-Temperature Range: 

Opera ting and Storage . 


—80 max volts 
—60 max volts 
—15 max amperes 
15 max amperes 
—4 max amperes 

150 max watts 
See curve page 80 

—65 to 100 °C 


TYPICAL TRANSFER CHARACTERISTICS 



BASE-TO-EMITTER VOLTS 

92CS-I07I0T 


TYPICAL TRANSFER CHARACTERISTICS 



0 -0.2 -0.4 -0.6 -0.8 

BASE AMPERES 

92CS- I07UT 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

Wìth base short-circuited to thè emitter and collector 

amperes = —0.3 . 

With base open and collector amperes = — 1 . 

Base-to-Emitter Voltage (with collector-to-emitter volts = —2 

and collector amperes = —5) . 

Emitter-to-Base Voltage (with collector-to-base volts = —80 

and emitter current = 0) .. 

Collector-to-Emitter Saturation Voltage (with collector 

amperes = —12 and base amperes = — 2) . 

Collector-to-Emitter Reach-Through Voltage . 

Emitter-Cutofi Current (with emìtter-to-base volts — —60 and 
collector current = 0) .. 


—70 min. 

volts 

—55 min 

volts 

—0.65 

volt 

—1 max 

volt 

—0.3 

volt 

—80 

volts 

-1 

ma 
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Collector-Cutoff Ciirrent: 

With collector-to-base volts = —2 and emitter current = 0 .. —100 fia 

With collector-to-base volts = —80 and emitter current = 0 . —2 ma 

Thermal Resistance (junction-to-case) . 0.35 °C/watt 

Thermal Capacity (for pulses in thè l-to-10-millisecond range) . 0.075 watt-sec/°C 

Thermal Time Constant . 26.25 msec 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —2) : 

With collector amperes = —5 . 25 to 50 

With collector amperes — —12 . 20 

Small-Signal Forward-Current-Transfer-Ratio Cutoff 

Frequency (with collector-to-emitter volts = —6 and collector 

amperes — —5) 10 kc 

TYPICAL 0PERATI0N IN P0WER-SW1TCHING CIRCUIT 

DC Collector Supply Voltage . —12 volts 

DC Base Supply Voltage . 6 volts 

On DC Collector Current . —12 amperes 

Turn-On DC Base Current . —2 amperes 

Turn-Off DC Base Current . 0 amperes 

Switching Time : 

Rise time .. 15 /isec 

Fall time . 15 /rsec 


TYPICAL COLLECTOR CHARACTERISTICS 



© -IO —20 -30 -40 -50 -60 -70 -80 


COLLECTOR-TO-EMITTER VOLTS 92CM-I0736T 


TRANSISTOR 


2N175 


Germanium p-n-p type used in 
low-level preamplifìer or input stages 
of audio-frequency amplifìers. This 
type is free from microphonism and 
hum and has a low noise figure. 
These features make it possible to 



obtain high small-signal sensitivity in transistorized audio equipment such as 
hearing aids, microphone pr e amplifìers, and recorders. In addition, thè low 
noise figure and thè low input impedance permit thè design of audio amplifìers 


in which thè transistor is operated directly from low-level, low-impedance 


devices such as magnetic microphones and magnetic pickups without an input 
coupling transformer. JEDEC No. TO-40 package; outline 15, Outlines Section. 


MAXIMUM RATINGSS 

Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 


-10 max 
-10 max 


volts 

volts 
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Collector Current . 

Emitter Current .' * " * ! 

Transistor Dissipation ; 
Ambient-Temperature Range: 

Operating . 

Storage . 


—2 max volts 

2 max ma 

20 max mw 


C H ARACI E RI STI CS 

Collector-Cutoff Current (with collector-to-base volts = —2 
and emitter current = 0) 

Emitter-Cutoff Current (with emitter-to-base volts ' ~ ' —12 ’ 
and collector current = 0) . 


-65 to 50 
-65 to 85 


In Common~Base Circuit 


Small-Signal Forward-Current-Transfér-Ratio Cutoff 
Frequency (with collector-to-base volts = —4 and collector 
ma —0.5) . 

In Common-Emitter Circuit 

Noise Figure (with collector-to-emitter volts = —4, collector 
T 0 - 5 ’ and £ en erator resistance = 1000 ohms) 
Matched-Impedance Power Gain (with collector-to-emitter volits 
— —4, collector ma = —0.5, input resistance = 2000 ohms. 
and output resistance = 70000 ohms) .' 


0.85 Me 


6 max db 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI75 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE =25°C c I i 

- 1 - 1 - 1 —: I_I_I_ -25 I_I 




COLLECTOR-TO-EMITTER VOLTS 


POWER TRANSISTOR 

If|c Germanium p-n-p type used in 

^ "N large-signal audio-frequency ampli- 

l l Z ) fìer applications. It is used in class 
A power-output stages and class B 
push-pull amplifìer stages in auto¬ 
mobile radio receivers. Package is 
similar to JEDEC No. TO-3; outline 23, Outlines Sectiom 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 

Collector Current . . 

Emitter Current .. 

Transistor Dissipation : . 

At mounting-flange tempera tu res up to 80 °C* 

Mountmg-Flange-Temperature Range: . 

Operating and Storage .. 


2N176 


—40 max volts 
—3 max amperes 
3 max amperes 


* This rating is reduced 1 watt/C° for mounting-flange temperatures above 


nn 
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CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with collector ma 

— —330 and base short-circuited to emitter) . 

Collector-Cutoff Current (with collector-to-base volts == —30 

and emitter current = 0) . 

Emìtter-Cutoff Current (with emitter-to-base volts = —10 

and collector current — 0) .. 

Thermal Resistance: 

Junction-to-ambient .. 

In Commoff-EmifJer Circuit 


—30 min volts 

—3 max ma 

—2 max ma 

1 °C/watt 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts — —2 and collector amperes = —0.5) . 

Small-Signal Forward Current-Transfer Ratio at 1 

kilocycle (with collector-to-emitter volts = —2 and collector 

amperes = —0.5) ... 

Small-Signal Input Resistance at 1 kilocycle . 


63 

45 

13.5 ohms 


TYPICAL QPERATION IN CLASS A POWER-AMPUFIER CIRCUIT 


DC Collector-Supply Voltage 
DC Collector-to-Emitter Voltage 
DC Base-to-Emitter Voltage . . . 

Peak Collector Current . 

Zero-Signal Collector Current . .. 

Emitter Resistance . 

Load Impedance . 

Signal Frequency . 

Signal-Source Impedance . 

Power Gain . 

Total Harmonic Distortion . 

Zero-Signal Collector Dissipation 
Maximum-Signal Power Output . 


-14.4 

volts 

—13-7 

volts 

—0.24 

volt 

-1 

ampere 

—0.5 

ampere 

1 

ohm 

25 

ohms 

1 

kc 

10 

ohms 

35.5 

db 

4 

per cent 

6.83 

watts 

2 

watts 


2N206 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N215 


TRANSISTOR 

Germanium p-n-p type used in 
lo w-power audio-frequency ampli- 
fìer applications. JEDEC No. TO-1 
package; outline 4, Outlines Section. 
This type is electrically identical 
with type 2N104. 



2N217 


TRANSISTOR 

Germanium p-n-p type used in 
large-signal audio-frequency ampli- 
fìer applications. It is used in class 
B push-pull power-output stages of 
battery-operated portable radio re- 
ceivers and audio amplifìers and in 



class A high-gain driver stages. JEDEC No. TO-1 package; outline 4, Outlines 
Section. This type is electrically identical with type 2N109. 


TRANSISTOR 

. , ©B 

Germanium p-n-p type used 
primarily in 455-kilocycle intermedi- 
OKIOl Q ate-frequency amplifier applications , t ■ 

ZINZ IO in battery-operated portable radio K/ 

receivers and automobile radio re- E J 

ceivers operating from either a 6- ^ 

volt or a 12-volt supply. JEDEC No. TO-1 package; outline 4, Outlines Section. 
This type is electrically identical with type 2N139. 


Technical Data 



TRANStSTOR 

Germanium p-n-p type used 
primarily in con verter and mixer- 
oscillator applications in AM battery- 
operated portable radio receivers and 
automobile radio receivers operating 
from either a 6-volt or a 12-volt 


2.N219 


supply. JEDEC No. TO-1 package; outline 4, Outlines Section. This type is 
electrically identical with type 2N140. 



type 2N175. 


TRANSISTOR 

Germanium p-n-p low-noise 
type used in low-level preamplifìer 
or input stages of audio-frequency 
amplifìers. JEDEC No. TO-1 pack¬ 
age; outline 4, Outlines Section. This 
type is electrically identical with 


2N220 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N247 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N269 


TRANSISTOR 


._ A Germanium p-n-p type used in 

■y * - J large-signal audio-frequency am- 

- plifìer applications. It is used in 0KI07P4 

I single-ended or double-ended out- ZINZ/U> 

©© © put stages, in high-gain class A 

E 5 c driver stages of radio receivers and 

audio amplifìers, and in class B push-pull audio-amplifier Service. This type is 
also used in battery-operated equipment such as radio receivers, communica- 
tion receivers, and phonographs. Package is similar to JEDEC No. TO-7; out¬ 
line 25, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) , 
Emitter-to-Base Voltage (with collector open) 
Collector Current: 

Peak . 

DC ..... 

Emitter Current: 

Peak ... 

DC ... 

Transistor Dissipation : 

At ambient temperatures up to 25°C . 

At ambient temperature of 55 °C . 

At ambient temperature of 71°C . 

Ambient-Temperature Range : 

Operating . 

Storage ... 


—25 max volts 

—12 max volts 

—150 max ma 

—75 max ma 

150 max ma 

75 max ma 

250 max mw 

150 max mw 

60 max mw 

-65 to 71 
-65 to 85 


In Common-Emitfer Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —1 and collector ma = —150) . 


70 


no 
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TYPICAL, OPERATION IN CLASS A AF AMPLIFIER CIRCUIT 

DC Collector Supply Voltage .. 

DC Collector-to-Emitter Voltage . 

DC Base-to-Emitter Voltage ..... 

DC Collector Current . 

Emitter Resistance . 

Load Impedance ... 

Signal Frequency . 

Power Gain ... 

Total Harmonic Distortion: 

At power output = 60 mw . 

At power output = 10 mw . 

Zero-Sìgnal Transistor Dissipation . 

Maximum-Signal Power Output . 


—9 volts 

—6.7 volts 

—0.19 volt 

—19 ma 

400 ohms 

400 ohms 

1 kc 

35 db 

10 max per cent 
4 max per cent 
128 mw 

60 mw 


TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 


Values are fot twó transistors except as noted 


DC Collector Supply Voltage .. 

Zero-Signal DC Base-to-Emitter Voltage ... 

Peak Collector Current per transistor . 

Maximum-Signal DC Collector Current per transistor 

Zero-Signal DC Collector Current per transistor . 

Signal-Source Impedance per base . 

Load Impedance per collector ... 

Signal Frequency . 

Circuit Efficiency . 

Power Gain . 

Total Harmonic Distortion: 

At power output = 500 mw . 

At power output = 10 mw . 

Maximum-Signal Power Output . 


—12 volts 

—0.11 volt 

—HO ma 

—35 ma 

—2 ma 

1000 ohms 

150 ohms 

1 kc 

75 per cent 
32 db 

10 max per cent 
5 max per cent 
500 mw 


TYPICAL TRANSFER CHARACTERlSTIC 



92CS-9I8IT 



base miluamperes 

92CS-9179T 
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TRANSISTOR 


/*nis Y , Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
f \ mixer, and converter circuits; and 

In/ \Y—(5) low-level video-amplifier circuits in ZI 

E V 1 c industriai and military equìpment. 

-^ It is used in thè design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto¬ 
ma tic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re¬ 
sistance and collector-transition capacitance, and improves performance at 


higher frequencies. The center lead connected internally to thè metal case 
provides integrai shielding which minimizes inter lead capacitance and coupling 
to adjacent circuit components. For curves of typical collector characteristics 
and for video-amplifier circuit, refer to type 2N384. JEDEC No. TO-44 package; 
outline 16, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Basè Voltage (with emitter open) . —40 max volts 

Collector-to-Emitter Voltage (with base-to-emitter volts = 0.5) . —40 max volts 

Emitter-to-Base Voltage (with collector open) .. —0.5 max volt 

Collector Current —10 max ina 

Emitter Current 10 max ma 


Transistor Dissipation: . 

At ambient temperàtures ùp to 25 °C . 

At ambient temperàtures above 25°C . 

At case temperàtures up to 25°C (with heat sink) 

At case temperàtures above 25 °C ... 

Temperature Range: 

Operating and Storage ........—65 to 100 °C 


120 max mw 
See curve page 80 
240 max mw 
See curve page 80 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector /ia = —50 

and emitter current = 0 ) . 

Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —0.5) . ... 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) .. 

Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0): . .... ... 

Thermal Resistance: 

Junction-to-case .,...„■. 

Junction-to-ambient . 


-80 

volts 

—80 

volts 

—4 

ga 

-1 

na 

0.31 max 

°C/mw 

0.62 max 

c C/mw 


In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff 
Frequency (with collector-to-base volts = —12 and emitter 

ma = 1.5) . . 30 Me 

Collector-to-Base Capacitance (with collector-to-base volts 

= —12 and emitter current = 0) . 2 pf 


In Common-Emitter Circuit 


Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 

(with collector-to-emitter volts = —12 and emitter ma = 1.5) 60 

Input Resistance with ac output circuit shorted: 

With colleetor-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 12.5 Me . 150 ohms 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 1.5 Me . 1350 ohms 

Output Resistance with ac input circuit shorted: 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 12.5 Me . 4000 ohms 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 1.5 Me . 70000 ohms 

Power Gain: 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 12.5 Me . 22 db 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 1.5 Me . 45 db 
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TYPiCAL OPERATI ON IN VIDEO-AMPLIFIER CIRCUIT 

DC Collector-to-Emitter Voltage .... 

DC Emitter Current .... 

Source Impedance ... 

Capacitive Load ... 

Frequency Response ... 

Pulse-Rise Time ... 

Voltage Gain .. *..... 

Maximum Peak-to-Peak Output Voltage .. 


—12 

volts 

5.8 

ma 

150 

ohms 

16 

pf 

3 to 9 Me 


0.039 

/isec 

26 

db 

2§ 

volts 


POWER TRANSISTOR 


Germanium p-n-p type used in 
a wide variety of switching and am- f \\ 

0M077 plifier applications in industriai and [sV\ i V 
A IN a./ / military equipment requiring tran- c\ J 

sistors having high voltage, current, 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifìer Service. This type is designed to provide satisfac- 
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TG-36 package; outline 14, Outlines Section, 
This type is identical with type 2N173 except for thè following iterasi 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volts = 
Emitter-to-Base Voltage (with collector open) ........ 


—40 max volts 
—20 max volts 


CHARACTERISTICS 


Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 

= —0.3 . o —40 min volts 

With base open and collector amperes = —0-3 .. 0 —40 volts 

With base open and collector amperes = —1 . —25 min volts 

Emitter-to-Base Voltage (with collector-to-base volts = —40 

and emitter current = 0) . ..... —1 max volt 

Collector-to-Emitter Reach-Through Voltage . —40 min volts 

Emitter-CutoflO Current (with emitter-to-base volts = —20 

and collector current = 0) . —1 ma 

Collector-Cutoff Current (with collector-to-base volts = —40 
and emitter current = 0) . —2 ma 


TYPICAL COLLECTOR CHARACTERISTICS 



0 -5 -IO -15 -20 -25 -30 -35 -40 

COLLECTOR-TO-EMITTER VOLTS 92CM-I0725T 
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POWER TRANSISTOR 


1 Germanium p-n-p type used in 

f \\ a wide variety of switching and am- 
qAjf r plifier applications in industriai and OKIOTO 

I J military equipment requiring tran- AVmAi O 

sistors having high voltage, current, 

^ and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier Service. This type is designed to provide satisfac- 
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to prò vide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines SectiorL 
This type is identical with type 2N173 except for thè following iterasi 


MAXIMUM RATINGS 

Coileetor-to-Easc Voltage (with emitter-to-base volts — —1.5) 
Emitter-to-Base Voltage (with colìector open) ............ 


—50 max volts 
—30 max volts 


TYPICAL COLLECTOR CHARACTERISTICS 



0 -IO -20 -30 -40 -50 -60 

GQLLECTQR—TQ-EMITTER VOLTS 92 CM-IQ 73 QT? 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to thè emifter and collector amperes 


—■ —0.3 . " *■' . 

With ? ase open 311(1 collector amperes’ = —0^3 !!!!!! .* Hlf 111111 

With base open and collector amperes — —1 . . on min 

Emitter-to-Base Voltage (with collector-to-base volts ’ = ’ —50 30 min volts 

and emitter current = 0) 1 

Collector-to-Emitter Reach-Through Voltage T l!!'* '.“ .JS 

Emitter-Cutoff Current (with emitter-to-base volts - -30 ' ” " 50 min volts 

and collector current = 0) . * 

Collector-Cutoff Current (with collectòr-to-base volts*^'—50' c " a 

and emitter current = 0) .. " et# ma 


See List of Discontinued Transistors at end of 2N301 
Teehnical Data Section for abbreviated data. 2N301 
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POWER TRANSISTOR 

Germanium p-n-p type used in 

large-signal audió-frequency ampli- s* -y-— 

fier application* suph as class A and ( / j 

class B audio-frèqùéncy amplifiers, VV_kV 
class A driver amplifiers, low-fre- ÈO 0 b 
quency oscillatòrs, converters, in- 

verters, power supplies, light flashers, and Communications systems. Package 
is similar to JEDEC No. TO-3; outline 26, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . —35 max volts 

Collector-to-Emitter Voltage . —35 max volts 

Collector Current .... —t max ma 

Emitter Current .. ,.. 1 max ma 

Transistor Dissipation: _ ,, 

At mounting-flange temperature^ up to 25°C .. .. 10 max watts 

At mounting-flange temperatures above 25°C . See curve page 80 

Mounting-Flange Temperature Range; 

Operating and Storage . —to io ^ 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage (with collector ma 

= -200 and base ma = -20) . -1 max volt 

Collector-Cutofl Current (with collector-to-emitter volts = —35 

and external base-emitter resistance = 30 ohms) . —15 max ma 

Thermal Resistance: H 

Junction-to-mounting flange . o wwau 

In Common-Emìtter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts é= —1.5 and collector ma = —200) .• ■ • .. 20 

Small-Signal Forward-Current-Transfer-Ratio CutofT Frequency 

(with collector-to-emitter volts = —1.5 and collector ma — 200) 3 ice 


—35 max volts 

—35 max volts 

—1 max ma 

1 max ma 

10 max watts 

See curve page 80 


2N331 


See List of Discontinued Trans istors at end of 
Technical Data Section for abbreviated data. 


POWER TRANSISTOR 

Germanium p-n-p type used in 

large-signal audio-frequency ampli--£!——^ 

fìer Applications. It is used primarily j py / j 
I in class A power-output stages and y V LL J 
class B push-pull amplifier stages e(j Ob 
in automobile radio receivers. Pack¬ 
age is similar to JEDEC No. TO-3; outline 23, Outlines Section. This type is 
identical with type 2N176 except for thè following items: 

CHARACTERISTICS 

In Common-Emìtter Circuit 

DC Forward-Current Transfer Ratio (with collector-to-emitter 

volts = —2 and collector amperes — —0.7) , . . 65 

Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 
(with collector-to-emitter volts = —2 and collector amperes 

_ _0.7) . 45 

Small-Signal Input Resistance . . . 13 ohms 


TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 

Mounting-flange temperature of 80°C 

DC Collector Supply Voltage . 

DC Collector-to-Emitter Voltage . - 1 ; 

DC Base-to-Emitter Voltage . 1 

Peak Collector Current . ; 

Zero-Signal DC Collector Current . —' 

Emitter Resistance ..- 


volts 

volts 

volt 

amperes 

ampere 

ohm 
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Load Impedance . 15 ohms 

Sìgnal Frequency . 1 kc 

Signal-Squrce Impedance . 10 ohms 

Power Qain . 33.5 db 

Total Harmonic Distortion at power output of 4 watts . 5 per cent 

Zero-Signal Transistor; Dissipation . 9.25 watts 

Maximuih-Signal Power Output . 4 watts 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N356 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N357 


See : List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N358 


TRANSISTOR 



Germanium p-n-p type used as 
an amplifier in AM broadcast-band 
battery-operated portable radio re¬ 
ceivers and short-wave receivers, 
JEDEC No. TO-7 package; outline 
7, Outlines Section. 


2N370 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 

Collector Current . . ... 

Emitter Current .. 

Collector Dissipation: 

At ambient temperatures up to 25 °C . 

At ambient temperature of 55°C . 

At ambient temperature of 71° C . 

Ambient-Temperature Range : 

Operating . 

Storage . 


—20 max volts 

—1.5 max volts 

—10 max ma 

10 max ma 

80 max mw 

40 max mw 

20 max mw 

—65 to 71 °C 

-65 to 85 °C 


CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current — 0 ) ... —20 max /ta 

Emitter-CutofE Current (with emitter-to-base volts = —1.5 

and collector current ~ 0) . —50 max /ia 

In Common-Bcise Circuit 


Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 

(with collector-to-base volts = —12 and collector ma ~ 1) .. 0.984 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —12 and collector ma = 1) .. 30 Me 

Interlead Capacitance between collector and base leads (with 

interlead shield grounded and all leads cut to %6 inch) . 0.3 pf 


In Common-Emitter Circuit 


DC Forward Current-Transfer Ratio at 1 kilocycle (with 

collector-to-emitter volts = —12 and collector ma — — 1) _ 60 

Gain-Bandwidth Product (with collector-to-emitter volts 


= —12 and collector ma - —1) . 

TYPICAL OPERATION 

Frequency . 

DC Collector-to-Emitter Voltage .. 

DC Collector Current . 

Input Resistance . 

Output Resistance . 

Maximum Power Gain . 

Maximum Useful Power Gain in an 

unneutralized circuit . 

Intrinsic Transconductance . 

Collector Transition Capacitance . 


1.5 

10 

—12 

—12 

1 

1 

1750 

200 

180000 

18000 

50.5 

26.2 

31 

17.6 

37800 

21400 

1.7 

1.7 


132 

Me 

20 

Me 

—12 

volts 

1 

ma 

100 

ohms 

11000 

ohms 

17 

db 

12.5 

db 

13700 

jiimhos 

1.7 

Pf 




















































RCA Transistor 


TYPtCAL COLLECTOR CHARACTERISTICS 


TYPE 2N370 1 1 1 

„ 35 _COMMON-EMITTER CIRCUIT, BASE INPUT,. 

AMBIENT TEMPERATURE = 25°C 


Mir.ROAMPlsÉsi^Q- 


-6 -8 -IO -12 -14 -16 -18 -20 

COLLECTOR-TO-EMITTER VOLTS 


TRANSISTOR 

Germanium p-n-p type used as f' \ 

a radio-frequency oscillator in AM l . / J 

0KH71 broadcast - band battery - operated V -- ^ 

XINiO/ A portable radio receivers and short- Il 

wave receivers. JEDEC No. TO-7 ©©© © 
package; outline 7, Outlines Section. e b is c 

Ratings and characteristics for this type are thè same as for type 2N370 except 

for thè following items: 

MAXIMUM RATINGS 

Emitter-to-Base Voltage (with collector open) —0.5 max volt 

CHARACTERISTICS 

Emitter-CutofT Current (with emitter-to-base volts = —0.5 
and collector current = 0) .... —50 max ita 


TRANSISTOR 

Germanium p-n-p type used as © 
a radio-frequency mixer in AM l ) 

9M979 broadcast - band battery - operated V fn - ^ 

XIXw’/ /.i portable radio receivers and short- Il 

wave receivers. JEDEC No. TO-7 ©@© © 
package; outline 7, Outlines Section. e b is c 

This type is electrically identical with type 2N370 except for thè following items: 

MAXIMUM RATINGS 

Emitter-to-Base Voltage (with collector open) ... —0.5 max volt 

CHARACTERISTICS 

Emitter-Cutoff Current (with emitter-to-base volts = —0.5 —50 pa 

and collector current — 0) . 


—0.5 max volt 


2N373 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N374 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


Technical Data 


POWER TRANSISTOR 



Germanium p-n-p type used in 
large-signal audio-frequency ampli- 
fier applications. It is used primarily 
in class A power-output stages and 
class B push-pull amplifìer stages of 
automobile radio receivers. Package 


2N376 


is similar to JEDEC No. TO-3; outline 23, Outlines Section. This type is iden¬ 


tical with type 2N176 except for thè following items: 


CHARACTERISTICS 

In Common-Emìtter Circuit 


Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 
(with collector-to-emitter volts = —2 and collector amperes 

= -0.7) . 60 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts — —2 and collector amperes = —0.7) . 78 

Small-Signal Input Resistance . 16 ohms 

TYPICAL 0PERATI0N IN CLASS A POWER-AMPLIFIER CIRCUIT 

Mounting-flange temperature of 80°C 

DC Collector Supply Voltage . —14.4 volts 

DC Collector-to-Emitter Voltage . —13.2 volts 

DC Base-to-Emitter Voltage . —0.3 volt 

Peak Collector Current . —1.4 amperes 

Zero-Signal DC Collector Current . —0.7 ampere 

Emitter Resistance . 1 ohm 

Load Lmpedance . 15 ohms 

Signal Frequency . 1 kc 

Signal-Source lmpedance . ... 10 ohms 

Power Gain . 35 db 

Total Harmonic Distortion . 5 per cent 

Zero-Signal Transistor Dissipation . 9.25 watts 

Maximum-Signal Power Output . 4 watts 


TRANSISTOR 


/~ys V Germanium p-n-p type used in 

rf- and if-amplifìer circuits; oscilla- 
f -, I .\ tor, mixer, and converter circuits; 9BVI9fiid. 

©~Kr and low-level video-amplifìer cir- 

£ V J c cuits in industriai and military 

- S equipment. It is used in thè design 

of rf circuits having high input-circuit efficiency, excellent operating stability, 
good automatic-gain-control capabilities over a wide range of input-signal 
levels, and good signal-to-noise ratio. The drift-field construction provides low 
base resistance and collector-transition capacitance, and improves performance 
at higher frequencies. The center lead intemally connected to thè metal case 
provides integrai shielding which minimizes interlead capacitance and coupling 
to adjacent circuit components. JEDEC No. TO-44 package; outline 16, Out¬ 
lines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Coliector-to-Emitter Voltage (with base-to-emitter volts = 0.5) 
Emitter-to-Base Voltage (with collector open) . . . 

Collector Current . 

Emitter Current .. ! ! ! 1 1 . ! ! 

Transistor Dissipation : 

At case temperatures up to 25 °C . 

At case temperatures above 25°C . 

At ambient temperatures up to 25°C ...© 

At ambient temperatures above 25°C .* * 

Ambient-Temperature Range : 

Operating (junction) and Storage .. 


—40 max volts 
—40 max volts 
—0.5 max volt 
—10 max ma 
10 max ma 

240 max mw 
See curve page 80 
120 max mw 
See curve page 80 

—65 to 100 ° C 
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CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector /ia = —50 

and. emitter current - 0) .'.. —80 volte 

Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —0.5) . —80 volte 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current — 0) .. —4 fia 

Emitter-CutofT Current (with emitter-to-base voits = —0.5 

and collector current = 0) ...... —1 

Thermal Resistance: 

Junction-to-case .... 0.31 max °C/mw 

Junction-to-ambient ...... 0.62 max °C/mw 


In Common-Base Circuit 


Small-Signal Forward-Current-Transfer-Ratio Cutoff 

Frequency (with collector-to-base volts — —12 and emitter 

ma . —1.5) . 100 Me 

Input Resistance with ac output circuit shorted (with collector- 
to-base volts = —12, emitter ma = 1.5, and signal frequency 

= 50 Me) . 30 ohms 

Output-Resistance with ac input circuit shorted (with collector- 
to-base volts = —12, emitter ma = 1.5, and signal frequency 

= 50 Me) .. 5000 ohms 

Collector-to-Base Capacitance (with collector-to-base volts 

= —12, and emitter current = 0) .. . :.... 2 pf 

Power Gain (with collector-to-base vòlte = —12, emitter ma 

= 1.5, signal frequency — 50 Me) :.. 18 db 


In Common-Bmitter Circuit 

Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 

(with collector-to-emitter volts = —12 and emitter ma = 1.5) 60 

Input Resistance with ac output circuit shorted: 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 30 Me . 50 ohms 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 12.5 Me . 250 ohms 

Output Resistance with ac input circuit shorted: 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 30 Me . 5000 ohms 

With collector-to-emitter volts = —12, emitter ma — 1.5, 

and signal frequency = 12.5 Me . 16000 ohms 

Power Gain: 

With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 30 Me . 20 db 

With collector-to-emitter volts = —12, emitter ma = 1.5, 
and signal frequency = 12.5 Me . 28 db 


TYP1CAL COLLECTOR CHARACTERISTICS 
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TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT BEL0W 


DC Collector-to-Emitter Voltage . 

DC Emitter Current . 

Source Impedance .... 

Capacitive iLòàd . 

Frequency Response . .... . 

Pulse-Rise Time ... 

Voltage Gain . 

Maximum Peak-to-Peak Output Voltage 


-12 

volts 

5.8 

ma 

150 

ohms 

16 

. Pf 

to 10 Me 


0.035 

/isec 

26 

db 

20 

volts 



92CS—10394RI 


C ± = 25 /if, 12 volts 
C 2 = 25 /if, 25 volts 
C 3 = 100 to 300 /i/if (variable) 
C 4 = 100 /if, 12 volts 
L = 30 /th 

R a = 20000 ohms, 0.25 watt 
R 2 = 3600 ohms, 0.25 watt 
R 3 = 2000 ohms, 0.25 watt 
R 4 = 62 ohms, 0.25 watt 
Rg = 620 ohms, 0.25 watt 



TRANSISTOR 

Germanium n-p-n types used in 
medium-speed switcHing applica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. 


MAXIMUM RATINGS 


2N388 
2 N388A 


Collector-to-Base Voltage (with emitter open) .. 
Collectori-to-Emitter Voltage: 

With external base-to-emitter resistance 

= 10000 ohms . 

With base-to-emitter volts = —0.5 . . .. 

Emitter-to-Base Voltage (with collector open) !. 

Collector Current . 

Transistor Dissipation: 

At ambient temperatures up to 25 °C . . . ... 

At ambient temperatures above 25°C . 

Ambient-Temperature Range: 

(Operating and Storage) _ ■... 

Lead Temperature (for 10 seconds maximum) 

CHARACTERISTSCS 


Base-to-Emitter Voltage: 

With collector ma = 200 and base ma = 10 

With collector ma = 100 and base ma = 4 . 

Collector-Cutoff Current: 

With collector-to-base volts = 40 and emitter 

current = 0 . 

With collector-to-base volts = 25 and emitter 

current = 0 . 

With collector-to-base volts = 1 and emitter 
current = 0 . 


2N388 

2N388A 


25 max- 

40 max 

volts 

20 max 

20 max 

volts 

— 

40 max 

volts 

15 max 

15 max 

volts 

200 max 

200 max 

ma 

150 max 

150 max 

mw 

See 

curve page 80 


-65 to 100 

-65 to 100 

°C 

235 max 

235 max 

°C 

2N388 

2N388A 


1.5 max 

1.5 max 

. volts 

0.8 max 

0.8 max 

volt 

- 

40 max 

/ia 

10 max 

10 max 

/ia 

5 max 

5 max 

/ia 
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In Common-Emiiter Circuii 


Forward Current-Transfer Ratio: 
With collector-to-emitter volts : 

and collector ma = 200 . 

With collector-to-emitter volts 
and collector ma = 30 .. 


In Common-Base Circuii 

Forward-Current-Transfer-Ratio CutofE Frequency 
(with collector-to-base volts = 6 and collector 

ma = 1) . . 

Collector-to-Base Capacitance (with coilectòr-tó- 
base volts = 6 and collector ma = 1) .. e 


TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica- 
2N395 tions in data-processing equipment, 
JEDEC No. TO-5 package; outline 
6, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Coliector-to-Emitter Voltage (with extemal base-to-emitter 

resistance = 10000 ohms) .... 

Emitter-to-Base Voltage (with collector open) ... 

Collector Current .. 

Transistor Dissipation: 

At ambient temperatnres up to 25°C .... 

At ambient temperatures above 25°C ... 

Amblent-Temperature Range: 

Operating .... 

Storage ... 

Lead Temperature (for 10 seconds maximum) ................ 

C HLARACT E RI STI GS 

Collector-to-Emitter Saturation Voltage (with collector 

ma = 50 and base ma = —5) .. 

Collector-Cutoff Current (with collector-to-base 
volts = —15 and emitter current =0) .... ... 



—30 max volts 

—15 max volts 

—20 max volts 

—200 max ma 

150 max mw 

See curve page 80 

—65 to 85 °C 

—65 to 100 °C 

230 max °C 


—0 -2 max volt 


B-n Common-Base Circuii 

CoIlector-to-Base Capacitance (with collector-to-base 

volts = —5 and emitter ma = 1) . 

Forward-Current-Transfer-Ratio CutofE Frequency (with 
collector-to-base volts — —5 and emitter ma = 1) 


In Common-EmHier Circuii 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —1 and collector ma = —10 ., 
With collector-to-emitter volts = —0.35 and collector ma = —200 


20 to 150 

10 min 


TRANSISTOR 


2N396 

2N396A 


Germanium p-n-p types used in 
medium-speed switching applica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section, Ratings for these 


types are thè sanie as for type 2N395 
except for thè following itemsi 



MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 

With base open . 


2N39S 

2N396A 

—20 max 

volts 

With external base-to-emitter 
— 10000 ohms . 

resistance 

—20 max 


volts 

Transistor Dissipation: 

At ambient temperatures up to 

25°C .. 

150 max 

200 max 

mw 


Tectmical Data 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage (with collector ma 

= —50 and base ma = —3-3) .... 

Collector-Cutoff Current (with collector-to-base volts = —2 
and emitter current = 0) . 


In Common-Base Circuii 


Collector-to-Base Capacitance (with collector-to-base volts = 

and emitter ma = 1) . ;•••••■ 

Forward-Current-Transfer-Ratio Cutoff Frequency (with 
collector-to-base volts = —5 and emitter ma = 1) . 


In Commotb-Emiffer Circuii 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —1 and collector ma = —10 30 to 150 

With collector-to-emitter volts — —0.35 and collector ma = —200 15 mm 



TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching appiica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N395 except for 


thè following items: 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —50 and base ma = —2.5) . 

In Common-Base Circuii 

Forward-Current-Transfer-Ratio CutofE Frequency (with 
collector-to-base volts = —5 and emitter ma = 1) 


Un Common-Emitter Circuii 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —1 and collector ma = —10 . 
With collector-to-emitter volts = —0.35 and collector ma — —200 


2N397 


40 to 150 

20 min 


TRANSISTOR 

Germanium p-n-p types used for 
^ —"n. direct high-voltage control of “on- 

E f \ c off” devices such as neon indicators, 
©—\J—® relays, incandescent-lamp indica- 
V J tors, and indicating counters of elee- 
ironie computers. JEDEC No. TO-5 
package; outline 6, Outlines Section. 

MAXIMUM RATINGS 


2N398 

2N398A 

2N398B 


Collector-to-Base Voltage 

(with emitter open) . —105 max —105 max 

Collector-to-Emitter Voltage 

(with emitter-to-base volts = —1) —105 max —105 max 

Emitter-to-Base Voltage 

(with collector open) . —50 max —50 max 

Collector Current . —100 max —200 max 

Emitter Current . 100 max 200 max 

Transistor Dissipation : 

At ambient temperatures up to 

25°C . 50 max 150 max 

At ambient temperatures above 

25<>C. See curve page 80 

Amblent-Temperature Range: 

Operating .. —65 to 55 —65 to 100 

Storage ..... —65 to 85 —65 to 100 

Lead Temperature 


—105 max volts 

—105 max volts 

—75 max volts 
—200 max ma 
200 max ma 


—65 to 100 
—65 to 100 


no 
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CHARACTERISTICS 

Base-to-Emitter Saturation Voltage 
(with collector ma = —5 and 

base ma = —0.25) . .. —0.4 max —0.4 max —0.3 max volt 

Collector-to-Emitter Saturation 
Voltage (with collector ma — —5 

and base ma = —0 25) . —0.35 max —0.35 max —0.25 max volt 

Collector-Cutoff Current : 

With collector-to-base volts =—2.5 

and emitter. current — 0 . —14 max —14 max —6 max /za 

With coliector-to-base volts 
= —105 and emitter current 

= 0 —50 max —50 max —25 max /za 

In Common-Base Circuit 

Small-Signal Forward-Current- 
Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = 

—6 and emitter ma = 1) . — — 1 min Me 

In Common-Emifter Circuit 


DC Forward Current-Transf er Ratio: 
With collector-to-emitter volts 
~ —0.35 and collector ma - - —5 

20 min 

20 min 


With collector-to-emitter volts 
= —0-25 and collector ma = —5 

_ 


20 min 

Small-Signal Forward Current- 
Transf er Ratio (with collector-to- 
emitter volts = —6, collector ma = 

—1, and frequency = ì kilocycle) 


20 min 

40 min 


TRANSISTOR 


2IM404 

2N404A 


Germanium p-n-p types used in 
medium-speed switching applica - 
tions in data-processing equipment. 
These types also have wide applica¬ 
tion in other low-level, medium- 


speed “on-off” control circùits. 
JEDEC No. TO-5 package; outline 6, Outlines Section. 



MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage 

(with emitter-to-base volts = —1) . 

Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Emitter Current . 

Transistor Dissipation : 

At ambient temperatures. up to 25 °C . 

At ambient temperatures above 25 °C . 

Ambient-Temperature Range : 

Operating .. 

Storage . 

Lead Temperature (for 10 seconds maximum) .. 


2N404 2N404A 

—25 max —40 max 

—24 max —35 max 

—12 max —25 max 

—100 max —150 max 

100 max 150 max 

150 max 150 max 

See curve page 80 

—65 to 85 —65 to 100 

—65 to 100 —65 to 100 

255 max 255 max 


volts 

volts 

volts 

ma 


mw 


°C 

°C 

°c 


CHARACTERISTICS 


Collector-to-Emitter Saturation Voltage: 

With collector ma = —12 and base ma = —0.4 . —0.15 max volt 

With collector ma = —24 and base ma = —1 . —0.2 max volt 

Base-to-Emitter Saturation Voltage: 

With collector ma = —12 and base ma = — 0.4 . —0.35 max volt 

With collector ma = —24 and base ma = —1 . —0.40 max volt 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current =i 0 ) . —5 max ^a 

Stored Base Charge (with collector ma = —10 and base ma = —1) —1400 max pcoul 


In Common-Base Citi - 


Collector-to-Base Capacitance (with collector-to-base volts = —6 

and collector current = 0) . 20 max pf 

Forward-Current-Transfer-Ratio Cutoff Frequency (with 

collector-to-base volts = —6 and collector ma = — 1) . 4 min Me 
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In Common-Emifter Circuit 

DC Forward Current-Transf er Ratio : 

With collector-to-emitter volts — —0.2 and collector ma = —24 24 min 

With collector-to-emitter volts = —0.15 and collector ma = —12 30 min 


TRANSISTOR 



Germanium p-n-p type used in 
low-power class A audio-frequency 
driver-amplifier applications in bat- 
tery-operated portable radio-receiv- 
ers. JEDEC No. TO-40 package; 
outline 15, Outlines Section. This 


type is electrically identical with type 2N406. 


2N405 



TRANSISTOR 

Germanium p-n-p type used in 
class A audio-frequency driver-am- 
plifìer applications in battery- 
operated portable radio receivers. 
JEDEC No. TO-1 package; outline 
4, Outlines Section. 


2N406 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . —20 max volts 

Collector-to-Emitter Voltage . —18 max volts 

Emitter-to-Base Voltage (with collector open) . —2.5 max volts 

Collector Current . —35 max ma 

Emitter Current . 35 max ma 

Collector Dissipation: 

At ambient temperatures up to 25 °C . 150 max mw 

At ambient temperature of 55°C . 50 max mw 

At ambient temperature of 71 °C . 20 max mw 

Ambient Temperature: 

Operating . —65 to 71 °C 

Storage . —65 to 85 °C 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92CM-946ATI 


CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) . —14 max 

Emitter-Cutoff Current (with emitter-to-base volts — —2.5 

and collector current = 0) . —14 max 
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In Common-Base Circuì# 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 


(with collector-to-base volts = —6 and collector ma = —1) .. 650 kc 

In Common-Emitter Circuii 

DC Collector-to-Emitter Voltage . —6 volts 

DÒ Collector Current . —1 ma 

Power Gain (with load resistance of 8500 ohms and input 

resistance of 750 ohms) .» 43 db 

TRANSISTOR 


2N407 


Germanium p-n-p type used in 
class A output stages and class B 
push-pull output stages of battery- 
operated portable radio receivers and 
audio amplifiers. JEDEC No. TO-40 
package; outline 15, Outlines Section. 


This type is electrically identical with type 2N408. 



TRANSISTOR 


Germanium p-n-p type used in y 9 

class A output stages and class B 
9M40Q push-pull output stages of battery- f I \ 
ZINtUO opera ted portable radio receivers and ©—Lf \J—^© 

audio amplifiers. JEDEC No. TO-1 E V J c 

package; outline 4, Outlines Section. S 

For curves of collector characteristics and transfer characteristics, refer to 
type 2N109. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . —20 max volts 

Collector-to-Emitter Voltage . —18 max volts 

Emitter-to-Base Voltage (with collector open) . .. —2.5 max volts 

Collector Current . —70 max ma 

Emitter Current . 70 max ma 

Collector Dissipation : 

At ambient temperatures up to 25°C . 150 max mw 

At ambient temperature of 55°C . 50 max mw 

At ambient temperature of 71°C . 20 max mw 

Ambient-Temperature Range : 

Operating ..... —65 to 71 °C 

Storage ... —65 to 85 °C 


—20 max volts 

—18 max volts 

—2.5 max volts 

—70 max ma 

70 max ma 

150 max mw 

50 max mw 

20 max mw 


CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volts = —12 
and emitter current = 0 ) . 

Emitter-Cutofi Current (with emitter-to-base volts = —1.5 
and collector current — 0 ) ... 

In Common-Emifter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —1 and collector ma = —50) . 


TYPICAL OPERATION IN CLASS B AF AMPIIFIER CIRCUIT 

Values are for two transistors except as noted 


DC Collector Supply Voltage . 

Base-to-Emitter Voltage . 

Peak Collector Current (Approx.) per transistor 
Maximum-Signal DC Collector Current 

(Approx.) per transistor .. 

Zero-Signal DC Collector Current 

(Approx.) per transistor . 

Signal Frequency . 

Signal-Source Impedance per base . 

Load Impedance per collector . 

Power Gain . 

Circuit Efficiency . 

Total Harmonic Distortion . 

Maximum-Signal Power Output .. 


-4.5 

-9 

volts 

—0.15 

—0.15 

volt 

-35 

-40 

ma 

—11.5 

—13 

ma 

—2 

-2 

ma 

1 

1 

kc 

375 

375 

ohms 

100 

200 

ohms 

30 

33 

db 

60 

69 

per cent 

10 max 

10 max 

per cent 

75 

160 

mw 
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TRANSISTOR 



Germanium p-n-p type used in 
455-kilocy eie intermediate -frequency 
amplifìer applications in battery- 
operated portable radio receivers. 
JEDEC No. TO-40 package; outline 
15, Outlines Section. This type is 


electrically identical with type 2N410. 


2N409 


TRANSISTOR 



Germanium p-n-p type used in 
455-kilocycle intermediate-frequency 
amplifìer applications in battery - 
opera ted portable radio receivers. 
JEDEC No. TO-1 package; outline 
4, Outlines Section. For curves of 


collector characteristics, refer to type 2N139. 


2N410 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . —13 max volts 

Emitter-to-Base Voltage (with collector open) . —0.5 max volt 

Collector Current . —15 max ma 

Emitter Current . 15 max ma 

Collector Dissipation t 

At ambient temperatures up to 25°C . 80 max mw 

At ambient temperature of 55°C . 35 max mw 

At ambient temperature of 71 °C . 10 max mw 

Ambient-Temperature Range: 

Operating . —65 to 71 *C 

Storage ........ —65 to 85 *C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

(with collector tia = —10 and emitter current = 0) . —13 min volts 

Collector-Cutoff Current (with collector-to-base volts = —13 

and emitter current = 0) . —10 max uà 

Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0) . —12 max jia, 


in Common-Base Circuit 


Small-Signal Forward Current-Transfer Ratio at 1 kilocycle: 

With collector-to-base volts = —9 and collector ma = —0.5 .. 0.978 

With collector-to-base volts = —9 and collector ma — — 1 .... 0.98 

Small-Signal Forward-Current-Transfer-Ratio 
Cutoff Frequency at 1 kilocycle: 

With collector-to-base volts = —9 and collector ma = —0.5 .. 6.8 Me 

With collector-to-base volts = —9 and collector ma = 6.7 Me 


In Common-Emifter Circuit 

DC Forward Current-Transfer Ratio at 1 kilocycle: 

With collector-to-emitter volts = —9 and collector ma = —0.5 . 45 

With collector-to-emitter volts — —9 and collector ma = — 1 48 


TYPICAL OPERATION IN 455-KC IF AMPLIFÌER CIRCUIT 


DC Collector-to-Emitter Voltage . —9 

DC Emitter Current . 0.5 

Input Resistance . 1000 

Output Resistance . 70000 

Spot Noise Factor . 4.5 

Maximum Power Gain . 38.8 

Useful Power Gain . 28.4 


-9 

1 

500 

30000 

4.5 

37.8 

31.2 
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TRANSISTOR 


2N411 


Germanium p-n-p type used in 
converter and mixer-oscillator . ap- 
plications in battery-opera ted port- 
able radio receivers. JEDEC No. 
TO-40 package; outiine 15, Outlines 
Section. This type is electrically 


identical with type 2N412. 



TRANSISTOR 


2N412 


Germanium p-n-p type used in 
converter and mixer-oscillator ap- 
plications in battery-operated port- 
able radio receivers. JEDEC No. 
TO-1 package; outiine 4, Outlines 
Section. For curves of collector char- 


acteristics, refer to type 2N139. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Emitter Current . 

Collector Dissipation: 

At ambient temperatures up to 25°C . ...... 

At ambient temperature of 55°C ... 

At ambient temperature of 71°C . 

Ambient-Temperature Range : 

Operating .. 

Storage ..... 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

(with collector /xa = —10 and emitter current — 0) . 

Collector-Cutoff Current (with collector-to-base voits = —13 

and emitter current = 0) . 

Emitter-CutofT Current (with emitter-to-base volte = —0.5 
and collector current ~ 0) ...... 


—13 max volts 

—0.5 max volt 

—15 max ma 

15 max ma 

8Ó max mw 

35 max mw 

10 max mw 

—65 "to 71 °C 

—65 to 85 °C 


—13 min volte 

—10 max Aia 

—12 max Aia 


In Common-Emitter Circuit 


DC Forward Current-Transfer Ratio at 1 kilocycle (with 

collector-to-emitter volte = —9 and collector ma = —0.6) .... 75 

TYPICAL OPERATION IN CONVERTER CIRCUIT 

DC Collector-to-Emitter Voltage . —9 volte 

DC Collector Current . —0.6 ma 

Input Resistance . 700 ohms 

Output Resistance . 75000 ohms 

RMS Base-to-Emitter Oscillator-Injection Voltage (Approx.) .. 100 mv 

Signal Frequency . 1 Me 

Useful Conversion Power Gain (Approx.) . 32 db 


TRANSISTOR 


2N414 


Germanium p-n-p type used in 
medium-speed switching applica - 
tions in data-processing equipment. 
JEDEC No. TO-5; outiine 6, Outlines 
Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With base open . 

With base-to-emitter volts = 1 . 



—30 max volte 

—15 max volts 

—20 max volte 
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—20 max volte 
—400 max ma 
—200 max. ma 

150 max mw 
See curve page 80 

65 to 85 °C 

240 max °C 

CHARACTERiSTICS 

Collector-Cutoff Current (with collector-to-base volte = —12 
and emitter. current = 0) ... ;.:. —5 max p,a 


11 pf 

8 Me 


0.0005 


In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = —6, emitter ma — 1, and frequency 
= 1 kilocycle) ..... 80 


In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts 

■ —6 and emitter ma = 1) . 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —6 and emitter ma =1) .... 
Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio (with 
collector-base volts = —6, emitter ma = 1, and frequency 
= 1 kilocycle) . 


Emitter-to-Base Voltage (with collector open) 

Peak Collector Current . 

DC Collector Current . 

Transistor Dissipation : 

At ambient temperatures up to - 25°C . ....... 

At ambient temperatures above 25°C . 

Ambient-Temperature Range.;,: 

Operating and Storage . 

Lead Temperature (for 10 seconds maximum) 


POWER TRANSISTOR 


Germanium p-n-p type used in 
f \\ a wide variety of switching and am- 
[?fA * k plifier applications in industriai and OKIAAT 

cy | *' J military equipment requiring tran- I 

sistors having high voltage, current 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier Service. This type is designed to provide satis- 
factory performance under extreme environmental conditions of. temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld Seal to insure reliable performance under severe énviron- 
mental conditions. JEDEC No. TO-36 package; outiine 14, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volte = —1.5) 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Emitter jCurrent .. 

Base Current . 

Transistor Dissipation : 

At case temperatures up to 25°C .. 

At case temperatures above 25°C . 

Case-Temperature Range : 

Operating and Storage . 


—40 max volts 
—20 max volts 
—15 max amperes 
15 max amperes 
—4 max amperes 


150 max watts 
See curve page 80 


-65 to 100 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 

= —0.3 —40 min volts 

With base open and collector amperes = —0.3 . —40 volts 

Base-to-Emitter Voltage (with collector-to-emitter volts = —2 

and collector amperes = —5) . —0.65 volt 

Emitter-to-Base Voltage (with collector-to-base volte == —40 

and emitter current =: 0) . —1 max volt 

Collector-to-Emitter Saturation Voltage (with collector amperes 

= —12 and base amperes = — 2) . —0.3 

Collector-to-Emitter Reach-Through Voltage . —40 min 


volt 

volts 
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Emitter-Cutoff Current (with emitter-to-base volte = —20 

and collector current = 0) —1 ma 

Collector-Cutoff Current: 

With collector-to-base volts = —2 and emitter current = 0 .... —100 iia 

With collector-to-base volts = —40 and emitter current — 0 —2 ma 

Thermal Resistance (junction-to-case) .. „ 0.35 ®C/watt 

Thermal Capacity (for pulse durations of 1 to 10 rmlliseconds) . . 0.075 watt-sec/°C 

Thermal Time Constant . 26.25 msec 

3n Common-Smtfter Circuiti 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts — —2 and collector amperes 

~ -5 .. 20 to 40 

W T ith collector-to-emitter volts — —2 and collector amperes 

= —12 .. 2 ® 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-emitter volts —6 and collector amperes 

— —5) ... 1® kc 


TYPICAL TRANSFER CHARACTERISTICS 



0 -0.2 -0.4 -0.6 -0.8 -I 

BASE-TO-EMITTER VOLTS 

92CS-I0720T 


TYPICAL TRANSFER CHARACTER1STICS 



0 -0.2 -0.4 -0.6 -0.8 

BASE AMPERES 

_ 92CS-I072IT 


TYPICAL 0PERAT10N IN P0WER-SW1TCHING CIR0UI1T 

DC Collector Supply Voltage .... 

DC Base Supply Voltage .... 

On DC Collector Current .... 

Tum-On DC Base Current .. . 

Tum-Off DC Base Current... 

Switching Time: 

Rise time ..... 

Fall time .... 


—12 volts 

6 volts 

—12 amperes 

—2 amperes 

0 amperes 

15 /xsec 

15 jttsec 


TYPICAL COLLECTOR CHARACTERISTICS 



0 -5 -10 -15 -20 -25 -30 -35 -40 

COLLECTOR-TO-EMITTER VOLTS 92CM-t0732T 
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POWER TRANSISTOR 

Germanium p-n-p type used in 
f \\ a wide variety of switching and am- 

[sKV ^ V plìfìer applications in industriai and ON|>|iyflO 

c\ j ' J military equipment requiring tran- 
sistors having high voltage, current, 

IHIb and dissipation values. It is used in 

power-supply, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier Service. This type is designed to provide satis- 
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contaet, 
and has a cold-weld seal to insure reliable performance under severe envìron- 
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines Section, 
This type is identica! with type 2N441 except for thè following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) .. —50 max volts 

Emitter-to-Base Voltage (with collector open) ............ c „ 0 —30 max volts 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With^base short-circuited to thè emitter and collector amperes 

With base open and collector amperes = —0.3 ’.”!.*.'!!!!!!!!![ Z 45 111311 volte 

Emitter-to-Base Voltage (with collector-to-base volte =: —5Ò 

and emitter current = 0) .....„ o o _1 max vo u 

Collector-to-Emitter Reach-Through Voltage .—50 min volte 

Emitter-Cutoff Current (with emitter-to-base volte = —30 

and collector current = 0) . ma 

Collector-Cutoff Current ( with collector-to-bàse voits = ^4Ó 
and emitter current = 0) .... , ma 


—50 max volte 
—30 max volts 


—45 min 
-45 


—1 max 
—50 min 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N442 

COMMON - EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE-25°C , , * 


_BASE M1LL1AMPERES c -50^ 


-20 -30 -40 -50 

C0LLEQT0R-T0-EMITTER VOLTS 


POWER TRANSISTOR 

Germanium p-n-p type used in 
f \\ a wide variety of switching and am- 
I^ V plifier applications in industriai and *)IMyR>10 
c\ ^ | J military equipment requiring tran- 
sistors having high voltage, current, 

BJb and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
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power-supply, and relay- and solenoid-àctuating circuite; and in low-frequency 
oscillator and audio-amplifìer Service. This type is designed to prò vide satis- 
factory performance under extreme enviròrimental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ- 
mental conditions. JEDEC No. TO-36 package; òutline 14, Outlines Section. 
This type is identical with type 2N441 except for thè following items: 


MAXIMUM RATINGS 

Collector-do-Base Voltage (with emitter-to-base volte = —1.5) .. —60 max volte 

Emitter-to-Base Voltale (with collector open) .. —40 max volte 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to thè emitter and collector amperes 

= -0.3 ..... :. 

With base open and collector amperes =; — 0-3 .. .. 

Emitter-to-Base Voltage (with collector-to-base volte = —60 

and emitter current = 0) ... 

Collector-to-Emitter Reach-Through Voltage . 

Emitter-Cutoff Current (with emitter-to-base volts = —40 

and collector current = 0) .... aa' * * * 

Collector-Cutoff Current (with collector-to-base vòlte = —60 
and emitter current — 0) ... 


—50 min 

volte 

—55 

volte 

—l.max 

volt 

—60 min 

volts 

—1 

ma 

—2 

ma 


TYPlCAL COLLECTOR CHARACTERISTICS 



2N456 


See List 
Technical 


of Discontinued 
Data Section for 


Transistor at end of 
abbreviated data. 


2N457 


See List 
Technical 


of Discontinued 
Data Section for 


Transistors at end of 
abbreviated data. 


2N497 


See List 
Technical 


of Discontinued 
Data Section for 


Transistors at end of 
abbreviated data. 


2N544 


See List 
Technical 


of Discontinued 
Data Section for 


Transistors at end of 
abbreviated data. 


2N561 


See List 
Technical 


of Discontinued 
Data Section for 


Transistors at end of 
abbreviated data. 
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See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N578 


See List of Discontinued Transistors at end of 

Technical Data Section for abbreviated data. 

See List of Discontinued Transistors at end of 

Technical Data Section for abbreviated data. 


2N579 

2N580 



thè following items: 


TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica¬ 
tion in data-processing equipment. 
JEDEC Noi TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N404 except for 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with emitter-to-base volts = —1) 
Emitter-to-Base Voltage (with collector open) . 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —20 and base ma = —1) . 

Base-to-Emitter Saturation Voltage 

( with collector ma = —20 and base ma = — 1 ) . 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current — 0) . 

Stored Base Charge (with collector ma = —20 and base ma = —2) 


In Common-Emifter Circuit 

Forward Current-Transfer Ratio (with collector-to-emitter volts 
= —0.3 and collector ma = —20) . 


2N581 


—18 max volts 

—15 max volts 

—10 max volts 

—0.3 volt 

—0.5 max volt 

—10 max (la 

2400 max pcoul 

20 min 



thè following items: 


TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica- 
tions in data-processing equipment, 
JEDEC No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N4Ò4 except for 


MAXIMUM RATINGS 

Collector-to-Emitter Voltage (with emitter-to-base volts = —1) 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = —24 and base ma = —0.6 . 

With collector ma = —100 and base ma = — 5 . 

Base-to-Emitter Saturation Voltage: 

With collector ma := —24 and base ma = —0.6 . 

With collector ma = —100 and base ma = —5 . 

Stored Base Charge 

(with collector ma = —24 and base ma = —1.2) . 

In Common-Base Circuit 


Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volte = —6 and collector ma = — 1) .. 


2N582 


—14 max volts 

—0.2 max volt 

—0.3 max volt 

—0.4 max volt 

—0.8 max volt 

1200 max pcoul 

14 min Me 
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Sn Cemmon-Emitter Circuit 
Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.2 and collector ma = —24 40 min 

With collector-to-emitter volts = —0.3 and collector ma = —100 20 min 


2N583 


See List of Discontinued Transistore at end ©f 
Technical Data Section for abbreviated data. 


2N584 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. V 


2N585 


TRANSISTOR 

Germanium n-p-n type used in 
switching circuì ts of compact, 
medium-speed electronic computers. 
JEDEC No. TO-5 package; outline 
6, Gutlines Section. 



MAXIMUM RATINGS 

ColIector-to-Base Voltage (with emitter open) .. 
Collector-to-Emitter Voltage : 

With base open . 

With base-to-emitter volts = —1 . 

Emitter-to-Base Voltage (with collector open) ., . 

Collector Current . 

Transistor Dissipatìon: 

At ambient temperatures up to 25°C ........... 

At ambient temperature of 55°C . 

At ambient temperature of 71°C . 

Ambient-Temperature Range : 

Gperating ... 

Storage ..........- 


25 max 

volts 

15 max 

volts 

24 max 

volts 

20 max 

volts 

200 max 

ma 

120 max 

mw 

35 max 

mw 

10 max 

mw 


-65 to 71 °C 

—65 to 85 °C 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage 

(with collector ma = 20 and base ma = 1) .................... 0.2 max volt 

Base-to-Emitter Saturation Voltage 

(with collector ma .= 20 and base ma = 1) . 0.45 max volt 

Collector-CutofE Current : 

With collector-to-base volts = 0.25 and emitter current = 0 .. 6 max /ia 

With collector-to-base volts = 12 and emitter current — 0 .... 8 max fia. 

Stored Base Charge (with collector ma = 20 and base ma = 2) .. 3000 max pcoul 

Sn Common-Base Circuit 

Forward-Current-Transfer-Ratio CutofE Frequency 

(with collector-to-base volts — 6 and collector ma = 1) . 3 min Me 

Collector-to-Base Capacitance (with collector-to-base volts = 6 

and emitter open) . 25 max pf 

Sn Common-Emìtter Circuit 

Forward Current-Transfer Ratio (with collector-to-emitter volts 

= 0.2 and collector ma — 20) ... 20 min 


TRANSISTOR 


2N586 


Germanium p-n-p type used in 
low-speed switching applications in 
industriai and military equipment. 
It is used as a relay-actuating de- 
vice and in voltage-regulator, multi- 
vibrator, dc-to-dc converter, and 



power-supply circuits. It can also be used in audio-frequency Service as an 


Technical Data 


161 


oscillator and in large-signal class A and class B circuits as a push-pull audio 
amplifier. Outline is similar to JEDEC No. TO-7 package; outline 25, Outlines 
Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Emitter-to-Base Voltage (with collector open) ..* ’ ] 

Collector Current .[_ ] 

Emitter Current . ..........II,'.. ] 

Transistor Dissipatìon : 

At ambient temperatures up to 25° .... 

At ambient temperatures above 25°C .....i * * 

Ambient-Temperature Range : 

Operating and Storage ..... 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector jia = —50 

With base open and collector ma = —1 . 

Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —1 and emitter current =0) 
Base-to-Emitter Voltage 

(with collector ma = —250 and base ma = —7) ...„ 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —250 and base ma = —25) . 

Collector-Cutoff Current (with collector-to-base volts = —45*' 

and emitter current = 0) . 

Emitter-Cutofì Current (with emitter-to-base volts ==*— 12 ’’*’ 
and collector current = 0) . 


—45 max 
—12 max 
—250 max 
250 max 

250 max 
See curve 1 


mw 
page 80 


Sn Common-Emifter Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —0.5 and collector ma = —250) . 


TYPICAL TRANSFER CHARACTERISTIC 


TYPE 2N586 

-COMMON-EMITTER CIRCUIT, BASE INPUT.— 
COLLECTOR-TO-EMITTER VOLTS =-0.5 
.AMBIENT TEMPERATURE =25°C , 1 
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TYPICAL TRANSFER CHARACTERISTIC 


BASE MILL1AMPERES 



TYPE 2N586 

„COMMON- EMITTER CIRCUIT,BASE INPUT.. 
COLLECTOR-TO-EMITTER V0LTS = -0.5 
AMBIENT TEMPERATURE = 25°C 








7 


- 150 






/ 

\r - 


- joo 





/ 




“50 





7^ 






,_ 


/ 






-0.2 -0.4 -0.6 -0.6 

BASE-TO-EMITTER VOLTS 

92CS-I0079T 


TYPICAL - COLLECTOR CHARACTERISTICS 


-4 TYPE 2N586 

F\~ COMMON-EMITTER CIRCUIT, BASE INPUT. - 
1 AMBIENT TEMPERATURE = 25°C 


BaL MILL I AMPERES=^025l ^p^- Tl ° N (MILL IWat TS ). 25q 


“15 -20 -25 -30 

COLLECTOR-TO-EMITTER VOLTS 


-35 -40 

92CM-I0094T 
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TRANSISTOR 


2N591 


Germanium p-n-p type used in 
large-signal audio-frequency driver - 
amplifier applications. It is used pri- 
marily in high-gain class A audio - 
driver stages in automobile radio 
receivers. JEDEC No. TO-1 package; 


outline 4, Outlines Section. 



MAXIMUM RATINGS 

Collector-to-Emitter Voltage . 

Collector Current: 

Peak . 

DC . 

Emitter Current: 

Peak .. 

DC . 

Collector Dissipation : 0 

At ambient temperatures up to 55°C 
At ambient temperature of 71 °C 
Ambient-Temperature Range : 

Operating . 

Storage . 


. —32 max volte 

. —40 max ma 

. —20 max ma 

. 40 max ma 

. 20 max ma 

With heat Without 

sinl c heat sink 

100 50 mw 

40 20 mw 

. 71 max °C 

. —65 to 85 °C 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with collector ma = 
—0.3, base resistance ~ 4700 ohms, and emitter resistance 


Collector-CutoflE Current (with collector-to-base volts = —10 

and emitter current = 0) ..... 

Emitter-Cutoff Current (with emitter-to-base volts = —1 

and collector current = 0) .» 

Thermal Resistance: 

Junction-to-ambient . 

Junction-to-heat sink . 


—32 min 

volte 

—7 max 


—20 max 

fJL3i 

0.34 

°C/mw 

0.15 

°C/mw 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio at 1 kilocycle 

(with collector-to-emitter volts = —12 and collector ma = — 2) 
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-emitter volts = —12 and collector ma — —2) 


TYPICAL 0PERATI0N IN CLASS A AF 

DC Collector Supply Voltage . 

DC Collector-to-Emitter Voltage . 

DC Base-to-Emitter Voltage . 

DC Collector Current ... 

Signal Frequency . 

Input Resistance . 

Output Resistance . 

Power Gain . 

Total Harmonic Distortion . 

Transistor Dissipation . 

Power Output . 


. IVER-AMPLIFIER CIRCI'“ 

. — 14.4 

. . —12 

. — 0.13 

. . —2 

. . 1 

... ;. ìooo 

. . 10000 

. 41 

. 3 

. 25 

. . & 


Me 


volte 

volts 

volt 

ma 

kc 

ohms 

ohms 

db 

per cent 
mw 
mw 


2N640 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


nKÌALA 1 See List of Discontinued Transistors at end of 

2N641 Technical Data Section for abbreviated data. 


2N642 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N643 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 
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See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N644 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N645 


TRANSISTOR 


© B Germanium n-p-n type used in 

.-- large-signal audio-frequency ampli- 

£ f \ c fier applications. It is designed es- 
Q—LJ* \J--@ pecially for use with its p-n-p /INOt 1 / 

V J counterpart, RCA-2N217, in class B 
^complementary-symmetry power- 
output stages of compact transformerless, battery-operated portable radio re¬ 
ceivers, phonographs, and audio amplifìers operating at battery-supply voltages 
up to 9 volts. This type can also be used in conventional class B push-pull and 
class A audio-amplifìer circuite. JEDEC No. TO-1 package; outline 4, Outlines 
Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 

Collector-to-Emitter Voltage . 

Emitter-to-Base Voltage (with collector open) . 
Collector Current: 

Peak .. 

DC .. 

Emitter Current: 

Peak .. 

DC . 

Collector Dissipation: 

At ambient temperatures up to 25°C .. 

At ambient temperature of 55°C . 

At ambient temperature of 71 °C .. 

Ambient Temperature: 

Operating . 

Storage .. 


100 max 
50 max 

—100 max 
—50 max 

100 max 
50 max 
20 max 


CHARACTERISTICS 

Collector-CutofT Current (with collector-to-base volts = 25 

and emitter current — 0) . 

Emitter-CutofT Current (with emitter-to-base volte — 12 
and collector current = 0 ) ... 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volte = 1 and collector ma = 50) . 


TYPICAL TRANSFER CHARACTERISTIC 

-1-1-r-1-1-1-1- 

, TYPE 2N647 

j IOO - COMMON-EMITTER CIRCUIT, BASE INPUT 
j AMBIENT TEMPERATURE = 25°C I ~7 


TYPICAL TRANSFER CHARACTERISTIC 



















colUcJ^' 


0.1 0.2 0.3 0.4 

BASE-TO-EMITTER VOLTS 

92CS-9846T 


- 1- 1 - 1 - 1 - 1 

TYPE 2N647 
_ COMMON-EMITTER CIRCUII 
BASE INPUT i 

AMBIENT TEMP. ■ 25°C 

r,_ 

1 

r 

/ — 





Jk- 







<0^ 






cj 

r 















0.2 0.4 0.6 0.8 1.0 1.2 1.4 

BASE MILLIAMPERES 


92CS-9847T 
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TYPICAL OPERATION IN CLASS B COIVIPLEMENTARY-SYMMETRY CIRCUIT 


DC Collector Supply Voltage .• ■.... ® 

DC Collector-to-Emitter Voltage for driver stage . 2.3 voits 

Zero-Signal DC Base-to-Emitter Voltage for output stage -.. 0.14 volt 

Peak Collector Current for each transistor in output stage ...... 70 ma 

Zero-Signal DC Collector Current for each transistor 

(driver and output stage) . 1.5 ma 

Signal Frequency ...-.. 11n À oh J^s 

Totel^Smonic Distortion . 10 max per cent 

Power Output (with input = 20 millivolts) . 1UU mw 


TYPICAL COLLECTOR CHARACTERIST1CS 



COLLECTOR-TO-EMITTER VOLTS 92CM-9844T 


TRANSISTOR 


Germanium n-p-n type used in @ 9 

large-signal audio-frequency ampli- 
fìer application. It is designed es- E f I c 

pecially for use with its p-n-p ©—L/ V 7 —@ 

counterpart, RCA-2N408, in class B \7 J 

complementary-symmetry power- X- ' 

output stages of compact, transformerless, battery-operated portable radio re- 
ceivers, phonographs, and audio amplifìers operating at battery-supply voltages 
up to 9 voits. This type can also be used in conventional class B push-pull and 
class A audio-amplifìer circuìts. JEBEC No. TO-1 package; outline 4, Outlines 
Section. This type is identical with type 2N647 except for thè following items: 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 20 max volte 

Collector-to-Emitter Voltage (with base open) . max volte 

Emitter-to-Base Voltage (with collector open) . 2.5 max voits 

CHAKACTERISTICS 

Collector-Cutoff Current (with collector-to-base volte — 12 
and emitter current = 0) ..;;.o è' 

Emitter-Cutoff Current (with emitter-to-base volte — 2.5 ana 
collector current = 0) .. • 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volte = 1 and collector ma = 50) . 00 


14 max tia 

14 max Ita 


2N656 


See List of Dìscontinued Transistors at end of 
Technical Data Section for abbreviated data. 
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SILICON C0NTR0LLED RECTIFIER 


TERMINAL) 


AT\ Diffused-junction n-p-n-p type 

/ \ used in a wide variety of power- 

l A. I control and power-switching appli- 

I J cations in industriai and military AIlwUI 

equipment. This type has a maxi- 
(stuo) mum peak forward blocking voltage 

of 25 voits and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength 
copper-alloy stud can withstand an installing torque up to 50 inch-pounds. 
JEDEC No. TO-48 package; outline 19, Outlines Section. 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 

Non-repetitive (transient) . 

Peak Forward Blocking Voltage (repetitive) . . 

Peak Gate Voltage: 

Forward . 

Reverse . 

Average Forward Current: 

At case temperature of 65°C and conduction angle of 180° 

For other case temperatures and conduction angles . 

Peak Surge Current: 

For one cycle of applied voltage .. 

For more than one cycle of applied voltage .. 

Peak Forward Gate Current . 

Peak Gate Power . 

Average Gate Power . 

Temperature Range: 

Operating (case) . 

Operating (ambient) .. 

Storage . 


25 max voits 
35 max voits 
25 max voits 

10 max voits 
5 max voits 

16 max amperes 
See Rating Chart I 

150 max amperes 
See Rating Chart II 
2 max amperes 
5 max watts 
0.5 max watt 

—65 to 125 °C 

See Rating Chart III 
-65 to 150 °C 


CHARACTERISTfCS 


Forward Breakover Voltage (at case temperature of 125°C) .... 25 min voits 

Forward Voltage Drop (at case temperature of 65°C) . 0.86 max volt 

DC Gate-Trigger Voltage: 

At case temperature of —65°C . 3 max volte 

At case temperature of 125°C . 0.25 min volt 

Average Blocking Current (at case temperature of 125°C) : 

Forward . 6.5 max ma 

Reverse . 6.5 max ma 

DC Gate-Trigger Current (at case temperature of 125°C) . 25 max ma 

Holding Current (at case temperature of 125°C) . 5 ma 

Thermal Resistance ( junction-to-case) . 2 max °C/watt 


RATING CHART X 



0 5 IO 15 20 ' 

‘ AVERAGE FORWARD CURRENT—AMPERES 

92CS-||928ra 


RATING CHART IT 


TYPE 2N68I 

SUPPLY FREQUENCY = 60 CPS SINE WAVE 
CASE TEMPERATURE = 65* C 

RESISTIVE LOAD _ 

V REPETITIVE PEAK REVERSE VOLTAGE 
X = MAXIMUM RATED VALUE 

V. 

\MAXIMUM RATEO VALUE ^ ^ 







- 




































1 : 


6 

IO 

4 

8 I0 


SURGE CURRENT DURATION—CYCLES 

?2C$-II9I0T| 
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RATING CHART 3ff 
TYPE 2N68I 
NATURAL COOLING 

SINGLE-PHASE OPERATION, - 

CONDUCTION ANGLE = 180 
HEAT SINK » l/|6—THICK 


FORWARD CHARACTERISTICS 



25 50 75 

AMBIENT TEMPERATURE- 


100 
■°C 

92CS-1I916TI 



TYPE 2N68I 

_ 1 _ 1 _ 


































-À 

Ù7 


i o 







W- 








, 4 . 







__ 



& 

\_ 





™ 0 0.5 I 1.5 2 

1NSTANTANE0US FORWARD VOLTAGE DROP—VOLTS 
92CS-II9I7T 


GATÉ TRIGGER-VOLTAGE CHARACTERISTICS 


Gate trigger-current characteristis 


TYPE 2N68I 

FORWARD CURRENT ■ 0 

MINIMUM GATE VOLTAGE REQUIRED 

3 : TO TRIGGER UNIT 
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CASE TEMPERATURE-^.^ 


SILICON CQNTROLLED RECTIFIER 


Te^mi^alI r short 

Diff used-junction n-p-n-p type * 

used in a wide variety of power- f | ) \ 

control and power switching appli- [ A J 

cations in industriai and military V | J 

equipment. This type has a maxi- 
mum peak forward blocking voltage (st a ud) 

of 50 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical sp e citi cations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 

MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 

Repetitive . 50 max volts 

Non-repetitive (transient) . 75 max volts 

Peak Forward Blocking Voltage (repetitive) . 50 max volts 

CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) .... 50 min volts 
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SILICON C0NTR0LLED RECTIFIER 


Diffus ed-junction n-p-n-p type 
/ —li. \ used in a wide variety of power- 

l 1 control and power switching appli- OM/LQQ 

I ./ cations in industriai and military 

equipment. This type has a maxi- 
(studj mum peak forward blocking voltage 

of 100 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 

MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
, 400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 

Non-repetitive (transient) . 

Peak Forward Blocking Voltage (repetitive) . 

CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) 


100 max volts 

150 max volts 

100 max volts 


SILICON C0NTR0LLED RECTIFIER 

TERMINALI f SHORT 

fV/^T ERM INALI 

AT\ Diffused-junction n-p-n-p type 

/ - 1 ■^ \ used in a wide variety of power- 

\ l / control and power switching appli- OMAQA 

\l/ cations in industriai and military ZI^IOOt' 

equipment. This type has a maxi- 
(stud* mum peak forward blocking voltage 

of 150 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 

MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 

Non-repetitive (transient) .. 

Peak Forward Blocking Voltage (repetitive) 

CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) 


150 max volts 

225 max volts 

150 max volts 
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SILICON CONTROLLED RECTIFIER 


Diffused-junction n-p-n-p type TX 

used in a wide variety of power- / "i r " \ 
OMAQC control and power switching appli- \ \ J 

A .IMOOJ cations in industriai and military 

equipment. This type has a maxi- 
mum peak forward blocking voltage tsTUD) 

of 200 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 

MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Rep etiti ve ... 

Non-repetitive (transient) . 

Peak Forward Blocking Voltage (repetitive) 


200 max volts 

300 max volts 

200 max volts 


CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) .... 
Average Blocking Current (at case temperature of 125°C) : 

Forward . 

Reverse ...° ° ° ° ° ° 


200 min volts 

6 max ma 

6 max ma 


SILICON CONTROLLED RECTIFIER 


2NI686 


Diffused-junction n-p-n-p type 
used in a wide variety of power- 
control and power switching appli- 
cations in industriai and military 


equipment. This type has a maxi- * 

mum peak forward blocking voltage (STUDÌ 

of 250 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 

Non-repetitive (transient) ---• • • • • • • 

Peak Forward Blocking Voltage (repetitive) 


250 max volts 

350 max volts 

250 max volts 


CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) .... 
Average Blocking Current (at case temperature of 125 C) : 

Forward . 

Reverse.».*.. • 


250 min volts 

5.5 max ma 

5.5 max ma 
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SILICON CONTROLLED RECTIFIER 


_ALohe ,. 
Terminal) 


Diffused-junction n-p-n-p type 
f —4*- \ used in a wide variety of power- 
V i ì control and power switching appli- OIMAQ7 

VI/ cations in industriai and military ZI ìOO# 

equipment. This type has a maxi- 
tSTuo) mum peak forward blocking voltage 

of 300 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 300 max volts 

Non-repetitive (transient) . 400 max volts 

Peak Forward Blocking Voltage (repetitive) .. 300 max volts 

CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) .... 300 min volts 

Average Blocking Current (at case temperature of 125°C) : 

Forward . 5 max ma 

Reverse ...................................................... 5 max ma 


SILICON CONTROLLED RECTIFIER 


/VÌN Diffused-junction n-p-n-p type 

l A used in a wide variety of power- 

l ^ J control and power switching appli- OIVIAQQ 

\l/ cations in industriai and military ZIlOOO 

a equipment. This type has a maxi- 

(studj mum peak forward blocking voltage 

of 400 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 400 max volts 

Non-repetitive (transient) ..... 500 max volts 

Peak Forward Blocking Voltage (repetitive) ................... 400 max volts 


CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) .... 400 min volts 

Average Blocking Current (at case temperature of 125°C) : 


Forward . 4 max ma 

Reverse ..... 4 max ma 
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SILICON CONTROLLED RECTIFIER 


tÉk®L» trinali 

Diffuseti-junction n-p-n-p type 
used in a wide variety of power- / —lz. \ 

OKI ARO control and power switching appli- l J 

ZINOO/ cations in industriai and military \. I J 

equipment. This type has a maxi- hCt 

mum peak forward blocking voltage (studi 

of 500 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper- 
alloy stud can withstand an instaliing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for thè following items: 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetitive . 500 max volts 

Non-repetitive (transient) . 600 max volts 

Peak Forward Blocking Voltage (repetitive) . 500 max volts 


CHARACTERISTICS 


Forward Breakover Voltage (at case temperature of 125°C) .... 500 min volts 

Average Blocking Current (at case temperature of 125°C) : 

Forward . 3 max ma 

Reverse . 3 max ma 


2N696 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N697 


TRANSISTOR 

Silicon n-p-n type used in high- 
speed switching applications in data- 
processing equipment. This type is 
especially effective under conditions 
of severe thermal and mechanical 
stress and other environmental haz- 



ards. JEDEC No. TO-5 package; outline 6, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 60 max volts 

Collector-to-Emitter Voltage (with extemal base-to-emitter 

resistance = 10 ohms or less) . 40 max volts 

Emitter-to-Base Voltage (with collector open) . 5 max volts 

Collector Current . 500 max ma 

Transistor Dissipation: 

At case temperatures up to 25°C . 2 max watts 

At ambient temperatures up to 25°C . 0.6 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range : 

Operating (junction) and Storage . —65 to 175 °C 

Lead Temperature (for 10 seconds maximum) . 255 max °C 


CHARACTERISTICS 

Base-to-Emitter Saturation Voltage (with pulsed collector ma 

= 150* and base ma = 15) . 1.3 max volts 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) . 1.5 max volts 

Collector-Cutoff Current (with collector-to-base volts = 30 and 

emitter current = 0) . 1 max /ia 
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In Common-Bdse Circuit 

ColIector-to-Base Capacitance (with collector-to-base volts = 10 
and emitter current = 0) . 35 max pf 

In Common-Emitter Circuit 

DC-Pulse Forward Current-Transfer Ratio (with collector-to- 

emitter volts = 10 and collector ma = 150**) . 40 to 120 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = 10, collector ma = 50, and frequency 

= 20 Me) . 2.5 min 

Gain-Bandwidth Product . 100 

* Pulse duration = 300 /isec or less; duty cycle = 0.02 or less. 

** Pulse duration = 12 milliseconds or less; duty cycle = 0.02 or less. 


TRANSISTOR 


Y Silicon n-p-n type used in a 

s —-"v wide variety of small-signal and 

f .. . . \ medium-power applications in in- OIKJ/hQQ 

©—vY~® dustrial and military equipment. It ZIlO// 

E V J c can be used in rf Service as an am- 
^ plifier, mixer, oscillator, and con¬ 

verter; in af Service for small-signal and power applications; in switching 
Service for high-speed switching circuits. It features low saturation voltage, 
high sustaining voltage, and low output capacitance. JEDEC No. TO-5 pack¬ 
age; outline 6, Outlines Section. For curves of collector characteristics, refer 
to type 2N1613. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 120 max volts 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance of 10 ohms or less) . 80 max volts 

Emitter-to-Base Voltage (with collector open) . 5 max volts 

Transistor Dissipation : 

At case temperatures up to 25°C . 2 max watts 

At ambient temperatures up to 25 °C . 0.6 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) ... —65 to 175 °C 

Storage . —65 to 300 °C 


2 max watts 
0.6 max watt 
See curve page 80 


-65 to 175 
—65 to 300 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 120 min volts 

Collector-to-Emitter Sustaining Voltage (with extemal base-to- 

emitter resistance = 10 ohms or less and collector ma = 100) 80 min volts 

Base-to-Emitter Saturation Voltage (with pulsed collector ma 

=150* and emitter ma = 15) . 1.3 max volts 

Collector-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and emitter ma = 15) . 5 max volts 

Collector-Cutoff Current (with collector-to-base volts = 60 

and emitter current = 0) . 2 max ft a 

Emitter-Cutofì Current (with emitter-to-base volts = 2 

and collector ciirrent = 0) . 100 max uà 

Thermal Resistance: 

Junction-to-case . 75 max °C/watt 

Junction-to-ambient . 250 max °C/watt 


In Common-Base Circuit 


Input Resistance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 . 20 to 30 ohms 

With collector-to-base volts = 10 and collector ma = 5. 10 max ohms 

Output Capacitance (with collector-to-base volts = 10 

and emitter ma = 0 ) . 20 max pf 

Output Conductance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 . 0.1 to 0.5 jtonho 

With collector-to-base volts = 10 and collector ma = 5 . 1 max jmnho 

Small-Signal Open-Circuit Reverse Voltage-Transfer 
Ratio at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 . 0.00025 max 

With collector-to-base volts = 10 and collector ma = 5 . 0.0003 max 
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in Common-Emitter Circuit 

DC-Pulse Forward Current-Transfer Ratio (with collector-to- 


emitter volts = 10 and collector ma = 150*) .. 40 to 120 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 5, collector ma = 1, 

and frequency = 1 kilocycle .„.,. 35 to 100 

With collector-to-emitter volts = 10, collector ma = 5, 

and frequency = 1 kilocycle ..... 45 min 

With collector-to-emitter volts = 10, collector ma = 50, 

and frequency = 20 Me.... 2.5 min 


* Pulse duration = 300 jasec or less; duty cycle = 0.02 or less<= 


2N705 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed logic-circuit applica- 
tions in data-processing equipment. 
JEDEC No. TO-18 package; outline 
12 , Outlines Section, 


MAXIMUM RATINGS 



Collector-to-Base Voltage (with emitter open) ...... .... —15 max volts 

Collector-to-Emitter Voltage 

(with external base-to-emitter resistance = 10 ohms or less) —15 max volts 

Emitter-to-Base Voltage (with collector open) . . —3.5 max volts 

Collector Current . ...... —50 max ma 

Emitter Current . » 50 max ma 

Transistor Dissipation: 

At ambient temperatures up to 25°C . e 150 max mw 

At case temperatures up to 25°C .. 300 max mw 

At ambient or case temperatures above 25°C .... See curve page 80 

Temperature Kange: 

Operating ( junction) and Storage . . —65 to 100 °C 

X.ead Temperature (for 10 seconds maximum) .................. 230 max °C 


CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —10 

and base ma = —0.4) .. —0.44max volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —0.4) . —0.3 max volt 

Collector-Cutoff Current (with collector-to-base volts = —5 

and emitter current = 0) .* —3 max jxa 

Collector Transition Capacitance (with collector-to-base volts 

= —10, emitter current = 0, and frequency = 1 Me) . 5 pi 

Emitter Transition Capacitance (with emitter-to-base volts 

— —2, collector current = 0, and frequency = 1 Me) . 3-5 pi 


In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 


to-emitter volts — —5, collector ma — —10, and frequency 

= 100 Me) ....■■■• 3 

X)C Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —0.3 and collector ma = —10) . 25 min 


2N706 

2N706A 


TRANSISTOR 

Silicon n-p-n type used in high- 
speed switching applications in data- 
processing equipment. JEDEC No. 
TO-18 package; outline 12, Outlines 
Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with external 

base-to-emitter resistance = 10 ohms) . 

Emitter-to-Base Voltage (with collector open) 

Collector Current .. 

Transistor Dissipation: 

At ambient temperatures up to 25 C - 

At ambient temperatures above 25°C .. 

At case temperatures up to 25°C ... 

At case temperature of 100°C.... • 


2N706 

2N706A 


25 max 

25 max 

volts 

20 max 

20 max 

volts 

3 max 

5 max 

volts 

— 

50 max 

ma 

0.3 max 

0.3 max 

watt 

See curve 

page 80 

watt 

1 max 

1 max 

0.5 max 

1 max 

watt 
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Temperature Range: 

Operating (junction) and Storage ............ 


-65 to 175 

°C 

! CHARACTERISTICS 

1 Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma =1) .. 

0.9 max 

0.9 max 

volt 

, Collector-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) 

0.6 max 

0.6 max 

volt 

1 Collector-Cutoff Current (with collector-to-base 

; volts = 15 and emitter current — 0) .. 

0.5 max 

0.5 max 

uà 

i In Common-Base 

l Collector-to-Base Capacitance (with collector- 

j to-base volts = 10 and emitter current = 0) e 

Circuit 

6 max 


pf 


In Common-Emitfer Circuit 


2N706 2N706A 

DC-Pulse Forward Current-Transfer Ratio (with 
de collector-to-emitter volts = 1, collector ma 
= 10, pulse duration = 12 milliseconds or less„ 

and duty factor = 0.02 or less) . 20 min 20 min 

Small-Signal Forward Current-Transfer Ratio s 
With collector-to-emitter volts = 15, 
collector ma = 10, and frequency = 100 Me 2 min — 

With collector-to-emitter volts = 10, 

collector ma = 10 a and frequency = 100 Me — 2 min 


! 


TRANSISTOR 



Silicon n-p-n type used in very- 
high-speed switching and high-fre- 
quency applications in equipment 
which requires high reliability and 
high packaging densities. JEDEC No. 
TO-18 package; outline 12, Outlines 
Section. 


2N708 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) ........... _ .. „ 40 max volts 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance = 10 ohms or less .. 20 max volts 

With base open ... 15 max volts 

Emitter-to-Base Voltage (with collector open) .... 5 max volts 

Transistor Dissipation: 

At case temperatures up to 25°C .. 1.2 max watts 

At ambient temperatures up to 25°C ... 0.36 max watt 

At case or ambient temperatures above 25°C ................ See curve page 80 

Temperature Range: 

Operating (junction) ... —65 to 200 °C 

Storage ....... —65 to 300 °C 

Lead Temperature (for 10 seconds maximum) ..» ....... e » 300 max °C 

CHARACTERISTICS 

Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) ................ 0.8 max volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) .. 0.4max volt 

Collector-Cutoff Current (with collector-to-base volts = 20 

and emitter ma = 0) . 0.025 max fia 

In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 10 
and emitter current =0) . 6 max pf 


In Common-Emitfer Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 


to-emitter volts = 10, collector ma = 10, and frequency 

= 100 Me) .. 3 min 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 1 and collector ma = 10 .... 30 to 120 

With collector-to-emitter volts = 1 and collector ma = 0.5 ... 15 min 
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TRANSISTOR 

Silicon n-p-n type used in ultra- 
high-speed logic-circuit applica¬ 
nti “ 7 rtOl tions in data-processing equipment. 
i&nl/Uz JEDEC No. TO-18 package; outline 
12, Outlines Section. This type is 
electrically identical with type 
2N2475 except for thè following items: 

CHARACTERIST1CS 

Base-to-Emitter Saturation Voltage 

(with collector ma = 3 and base ma = 0.15) . 

Collector-to-Emitter Saturation Voltage 

(with collector ma = 3 and base ma = 0.15) . 



0.3 max volt 


In Common-Base Circuit 

Input Capacitance (with emitter-to-base volts = 0.5, 

collector current = 0, and frequency = 140 kilocycles) . 

In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = 4, collector ma = 5, and frequency = 100 Me) 
DC Forward Current-Transfer Ratio: „ A 

With collector-to-emitter volts = 1 and collector ma _ 30 ... 

With collector-to-emitter volts = 0.5 and collector ma = 10 


15 min 
20 to 120 


TRANSISTOR 


2N710 

thè following items: 


Germanium p-n-p type used in 
high-speed logic-circuit applica- 
tions in data-processing equipment. 
JEDEC No. TO-18 package; outline 
12, Outlines Section. This type is 
identical with type 2N705 except for 



MAXIMUM RATINGS 

Emitter-to-Base Voltage (with collector open) . 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —10 and base ma 

= -0.4) . 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —0.4) . 

In Common-Emitter Circuit 

Forward Current-Transfer Ratio (with collector-to-emitter volts 
— —0.5 and collector ma = —10) . 


—2 max volts 

—0.5 max volt 

—0.5 max volt 

25 min 


TRANSISTOR 


2N711 


Germanium p-n-p type used in 
high-speed logic-circuit applica- 
tions in data-processing equipment. 
JEDEC No. TO-18 package; outline 
12, Outlines Section. This type is 
identical with type 2N705 except 


for thè following items: 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage .■.• ■ ■ .. 

(with external base-to-emitter resistance = 10 ohms or less) 


—12 max volts 
—12 max volts 
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Emitter-to-Base Voltage (with collector open) . —1 max volt 

Collector Current . —100 max ma 

Emitter Current . 100 max ma 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —10 and base ma 

= —0.5) . —0.5 max volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —0.5) . —0.5 max volt 

In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = —5, collector ma = —10, and frequency 

-- 100 Me) . 2 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —0-5 and collector ma = —10) . 20 min 


TRANSISTOR 

©.* 

_ Silicon n-p-n type used in a 

f wide variety of small-signal and 

ryJ / V Y—( 3 ) high-speed switching applications. OMTl fi 
e\J ^7 c JEDEC No. TO-18 package; outline 
^ 12 , Outlines Section. 

MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 75 max volts 

Collector-to-Emitter Voltage (with base open) . 32 max volts 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10 ohms or less) . 50 max volts 

Emitter-to-Base Voltage (with collector open) . 7 max volts 

Transistor Dissipation: 

At case temperatures up to 25°C . 1.8 max watts 

At ambient temperatures up to 25°C . 0.5 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating ( junction) .—65 to 200 °C 

Storage .—65 to 300 °C 

Lead Temperature (for 10 seconds maximum) . 255 max °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0 ) . 75 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) . 7 min volts 

Collector-to-Emitter Sustaining Voltage (with external base-to- 

emitter resistance = 10 ohms and pulsed collector ma = 100*) 50 min volts 

Base-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) . 1.3 max volts 

Collector-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) . 1.5 max volts 

Collector-Cutofl Current (with collector-to-base volts = 60 and 

emitter current = 0) . 0.01 max 

Emitter-Cutoff Current (with emitter-to-base volts = 5 and 

collector current = 0) . 0.01 max Aia 

Thermal Resistance: 

Junction-to-case . 97 max °C/watt 

Junction-to-ambient . 350 max °C/watt 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 0-5 

and collector current = 0) . 80 max pf 

Collector-to-Base Capacitance (with collector-to-base volts = 

10 and emitter current = 0) . 25 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and pulsed collector 

ma = 150* . 40 to 120 

With collector-to-emitter volts = 10 and pulsed collector 

ma = 500* 20 min 

With collector-to-emitter volts = 10 and pulsed collector 

ma -- 10* . 35 min 

With collector-to-emitter volts = 10 and collector ma 

= 0.1 20 min 

With ambient temperature = —55°C, collector-to-emitter 

volts = 10, and pulsed collector ma = 10* . 20 min 
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Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts == 5, collector ma = 1, and 

frequency = 1 kilocycle . 30 to 100 

With collector-to-emitter volts = 10, collector ma = 5, and 

frequency = 1 kilocycle . 35 to 150 

With collector-to-emitter volts = 10, collector ma = 50, and 

frequency = 20 Me . 3 min 

Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at 
1 kilocycle: 

With collector-to-emitter volts = 5 and collector ma =r 1 ... 3 x IO -4 max 

With collector-to-emitter volts = 10 and collector ma = 5 ... 3 x IO -4 max 

Input Resistance at 1 kilocycle: ' v 

With collector-to-emitter volts = 5 and collector ma = 1 ... 24 to 34 ohms 

With collector-to-emitter volts = 10 and collector ma = 5 ... 4 to 8 ohms 

Output Conductance at 1 kilocycle: 

With collector-to-emitter volts — 5 and collector ma = 1 ... 0.1 to 0.5 //rnho 

With collector-to-emitter volts = 10 and collector ma = 5 ... 0.1 to 1 jamho 

Noise Figure (with collector-to-emitter volts .= 10, collector ma 
= 0.3, generator resistance = 510 ohms, circuit bandwidth 

= 1 cps, and signal frequency = 1 kilocycle) . 12 max db 

Total Switching Time** (delay time plus rise time plus fall 
time) . 30 max nsec 


* Pulse duration = 300 jasec; duty factor = 0.02 or less. 

** Refer to type 2N2102 for Total-Switching-Time Measurement Circuit . 

aii 



TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 

9ZCS-III78T 
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TRANSISTOR 



Silicon n-p-n type used in a 
wide variety of small-signal and 
high-speed switching applications. 
JEDEC No. TO-18 package; outline 
12, Outlines Section. For curves o£ 
typical collector and transfer charac- 


teristics, refer to type 2N718A. 


2N720A 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 

Collector-to-Emitter Voltage (with base open) . 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10 ohms or less) .. 

Emitter-to-Base Voltage (with collector open) .. 

Transistor Dissipation: 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C .!. 

At case or ambient temperatures above 25°C . !!!.!.!! 

Temperature Range: 

Operating (junction) .. . 

Storage . 

Lead Temperature (for 10 seconds maximum) .. 


120 max volte 
80 max volts 

100 max volts 
7 max volts 

1.8 max watts 
0.5 max watt 
See curve page 80 

—65 to 200 °C 

—65 to 300 °C 

255 max °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 

Emitter-to-Base Breakdown Voltage (with emitter ma = Ò.i 

and collector current = 0) . 

Collector-to-Emitter Sustaining Voltage (with pulsed collector’ * 

ma = 100* and base current — 0) . 

Collector-to-Emitter Sustaining Voltage (with external base-to- 
emitter resistance = 10 ohms and pulsed collector ma = 100*) 
Base-to-Emitter Satura tion Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) 
Collector-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) 
Collector-Cutoff Current (with collector-to-base volts = 90 and 

emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volts = 5 and 

collector current = 0) . 

Thermal Resistance: 

Junction-to-case ... 

Junction-to-ambient .!!!.*.!!.*.*!! 


120 min volts 

7 min volts 

80 min volts 

100 min volts 

1.3 max volts 

5 max volts 

0.01 max pia 

0.01 max fia 

97 max °C/watt 
350 max °C/watt 


In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 0.5 

and collector current = 0) . 85 max pf 

Collector-to-Base Capacitance (with collector-to-base volte = ÌÓ 
and emitter current = 0) . 15 max p£ 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 

9ZCS-III75T 
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In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and pulsed collector 

ma = 150* . 40 to 120 

With collector-to-emitter volts = 10 and pulsed collector 

ma = 10* . 35 min 

With collector-to-emitter volts = 10 and collector ma 

= 0.1 . 20 min 

With ambient temperature = —55°C, collector-to-emitter volts 

= 10, and pulsed collector ma = 10* . 20 min 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 5, collector ma = 1, and 

frequency = 1 kilocycle . 30 to 100 

With collector-to-emitter volts = 10, collector ma = 5, and 

frequency = 1 kilocycle . 45 min 

With collector-to-emitter volts = 10, collector ma = 50, and 

frequency = 20 Me . 2.5 min 

Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at 
1 kilocycle: 

With collector-to-emitter volts = 5 and collector ma = 1 .... 1.25 x IO -4 max 

With collector-to-emitter volts = 10 and collector ma = 5 .... 1.5 x IO -4 max 

Input Resistance at 1 kilocycle: 

With collector-to-emitter volts = 5 and collector ma — 1 .... 20 to 30 ohms 

With collector-to-emitter volts = 10 and collector ma = 5 .... 4 to 8 ohms 

Output Conductance at 1 kilocycle: 

With collector-to-emitter volts = 5 and collector ma = 1 .... 0.5 max /unho 

With collector-to-emitter volts = 10 and collector ma = 5 .... 0.5 max jumho 

* Pulse duration = 300 jusec; duty factor = 0.02 or less. 

** Refer to type 2N2102 for Total-Switching-Time Measurement Circuit. 


2N794 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N795 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N796 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N828 


TRANSISTOR 


Germanium p-n-p type used in 
high-speed switching applications in 
which high reliability and high 
packaging densities are required. 
JEDEC No. TO-18; outline 12, Out- 
lines Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . —15 max volts 

Collector-to-Emitter Voltage (with extemal base-to-emitter 

resistance = 10 ohms or less) . —15 max volts 

Emitter-to-Base Voltage (with collector open) . —2.5 max volts 

Collector Current . —200 max ma 

Transistor Dissipation: 

At case temperatures up to 25°C . 300 max mw 

At ambient temperatures up to 25°C . 150 max mw 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) and Storage . —65 to 100 0 C 

Lead Temperature (for 10 seconds maximum) . 230 max *C 


CHARACTERISTICS 

Base-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —1) .0.34 to 0.44 volt 

Collector-to-Emitter Saturation Voltage: 

With collector ma — —10 and base ma = —1 . —0.2 max volt 

With collector ma = —50 and base ma = — 5 . —0.25 max volt 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current — 0 ) . —3 max jua 
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In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = —6, 

emitter current = 0, and frequency = 100 Me) . 6 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —0.3 and collector ma — —10) . 25 min 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts — —1, collector ma = —10, and frequency 

. = 100 Me) . 3 min 

Gain-Bandwidth Product (with collector-to-emitter volts = —1 
and collector ma — —10) . 300 min Me 


TRANSISTOR 

©b Silicon n-p-n type used in very- 

_ high-speed switching applications in 

/ equipment requiring high reliability 

fpv ( / \ \—© an d high packaging densities. JEDEC 

'y c No. TO-18 package; outline 12, Out- 
lines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with base short-circuited 

to emitter) . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . .!..!! 

At case or ambient temperatures above 25°C ....!!!!!!!!!!!. 
Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 


CHARACTERISTICS 

Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) . 

Collector-to-Emitter Saturation Voltage: 

With collector ma = 10 and base ma = 1 . 

With collector ma — 50 and base ma = 5 . 

Collector-Cutoff Current (with collector-to-base voits = 20 
and emitter current = 0) ... 


2N834 


40 max volts 

30 max volts 

5 max volts 

200 max ma 

1 max watt 

0.3 max watt 

See curve page 80 

-65 to 175 °C 

240 max °C 


0.25 max 
0.4 max 


In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 10, 
emitter current = 0, and frequency = 100 Me) . 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 1 and collector ma = 10) . 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = 15, collector ma = 10, and frequency = 100 Me) 
Gam-Bandwidth Product (with collector-to-emitter volts = 15, 
collector ma = 10, and frequency = 100 Me) 



TRANSISTOR 

Silicon n-p-n type used in high- 
speed logic-switching and very- 
high-frequency amplifìer applica¬ 
tions. JEDEC No. TO-18 package; 
outline 12, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 
Collector-to-Emitter Voltage : 

Witti external base-to-emitter resistance = 10 ohms or less 
With base open . 


2N914 


40 max volts 

20 max volts 

15 max volts 
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Emitter-to-Base Voltage (with collector open) ................ 5 max volts 

Transistor Dissipation: 

At case temperatures up to 25°C . 1.2 max watts 

At ambient temperatures up to 25°C . 0.36 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) ... —65 to 200 °C 

Storage ... —65 to 300 °C 

Lead Temperature (for 10 seconds maximum) ................ 300 max °C 

CHARACTERISTICS 

Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) .. 0.7 to 0.8 volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = 200 and base ma = 20) . 0.7 max volt 

Collector-Cutoff Current (with collector-to-base volts = 20 
and emitter current = 0) . 0.025 max iia 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = — 0.5, 

collector current = 0, and frequency — 140 kilocycles) . 9 max pf 

Collector-to-Base Capacitance (with collector-to-base volts = 10 9 

emitter ma = 0, and frequency = 140 kilocycles) . 6 max pf 

In Common-Emifter Circuit 

DC-Pulse Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 1 and collector ma = 10 .... 30 to 120 

With collector-to-emitter volts = 5 and collector ma = 500 ... 10 min 

Small-Signal Forward Current-Transfer Ratio 

(with collector-to-emitter volts = 10 and collector ma = 20) .. 3 min 


2N955 

2N955A 


TRANSISTOR 

Germanium n-p-n types used in 
high-speed logie-circuit applica¬ 
tion in data-processing equipment. 
JEDEC No. TO-18 package; outline 
12, Outlines Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with base open) 
Emitter-to-Base Voltage (with collector open) 

Collector Current ... 

Transistor Dissipation : 

At ambient temperatures up to 25°C ........ 

At ambient temperatures above 25°C ........ 

Ambient-Temperature Range : 

Operating and Storage ..... 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Base-to-Emitter Saturation Voltage 

(with collector ma = 30 and base ma = 1) . „ 
Collector-to-Emitter Saturation Voltage: 

With collector ma = 30 and base ma = 1 .... 
With collector ma = 100 and base ma = 5 .. 
Collector-Cutoff Current (with collector-to-base 

volts = 5 and emitter current = 0) . 

Total Stored Charge (with collector ma = 30 
and base ma = 1.5) . 


2N955 

12 max 

8 max 

2 max 
100 max 

2N955A 

12 max 

8 max 

2 max 
150 max 

volts 

volts 

volts 

ma 

150 max 
See 

150 max 
curve page 80 

mw 

230 max 

65 to 100 

230 max 

°c 

0.3 to 0.6 

0.3 to 0.6 

volt 

0.5 max 

0.3 max 
0.6 max 

volt 

volt 

5 max 

5 max 

li a 

125 max 

65 max 

pcoui 


In Common-Base Circuit 


Input Capacitance (with emitter-to-base volts 

— 0.5 and collector current = 0) . 10 max 10 max pf 

Output Capacitance (with collector-to-base volts 
= 5 and emitter current = 0) . 6 max 6 max pf 

In Common-Emifter Circuit 

Small-Signal Forward Current-Transfer Ratio 
(with collector-to-emitter volts = 5, collector 
ma = 20, and frequency = 100 Me) . 


10 


10 
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DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 0.5 

and collector ma = 30 . 30 min — 

With collector-to-emitter volts = 0.3 and 

collector ma = 30 ..... — 30 min 



TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturation switching ap- 
plications in industriai data-process¬ 
ing equipment. JEDEC No. TO-18 
package; outline 12, Outlines Section* 


2N960 


MAXIMUM RATINGS 


Collector-to-Base Voltage ... —15 max volts 

Collector-to-Emitter Voltage (with extemal base-to-emitter 

resistance = 0) —15 max volts 

Collector-to-Emitter Voltage .... —7 max volts 

Emitter-to-Base Voltage . —2.5 max volts 

Collector Current . —100 max ma 

Transistor Dissipation: 

At case temperatures up to 25°C . 300 max mw 

At ambient temperatures up to 25°C . 150 max mw 

At case or ambient temperatures above 25°C .. See curve page 80 

Temperature Range : 

Operating .. —55 to 100 °C 

Storage .....—65 to 100 °C 

Lead Temperature (for 10 seconds maximum) ...... 230 max °C 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = —1 .. —0.2 max volt 

With collector ma = —50 and base ma = —5 . —0.4 max volt 

With collector ma = —100 and base ma = —10 . —0.7 max volt 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current = 0 ) . —3 max jx a 


In Common-Base Circuii 


Emitter-to-Base Capacitance (with emitter-to-base volts = 

—1, collector current = 0, and frequency = 100 kc) . 3.5 max pf 

Collector-to-Base Capacitance (with collector-to-base volts = 

—10, emitter current = 0, and frequency = 1 Me) . 4 max pf 

Gain-Bandwidth Product (with collector-to-base volts = —l e 

emitter current = 20, and frequency = 100 Me) . £ 300 min Me 

In Common-Emifter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.3 and collector ma = —10 20 min 

With collector-to-emitter volts = —1 and collector ma = —50 20 min 

With collector-to-emitter volts = —1 and collector ma = —100 20 min 



TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap- 
plications in industriai data-process¬ 
ing equipment. JEDEC No. TO-18 
package; outline 12, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage ... 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 0) . 

Collector-to-Emitter Voltage . 

Emitter-to-Base Voltage . 

Collector Current ... 

Transistor Dissipation: 

At case temperatures up to 25°C ... 

At ambient temperatures up to 25°C . 

At case or ambient temperatures above 25°C . 


2N961 


—12 max volts 

—12 max volts 

—7 max volts 

—2 max volts 

—100 max ma 

300 max mw 

150 max mw 

See curve page 80 
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Temperature Range: 

Operating .—55 to 100 

Storage .—65 to 100 

Lead Temperature (for 10 seconds maximum) . 230 max 

CHARACTERISTICS 

Collector-to-Emitter Saturation- Voltage: 

With collector ma = —10 and base ma = —1 . —0.2 max 

With collector ma = —50 and base ma = —5 . —0.4 max 

With collector ma = —100 and base ma = —10 . —0.7 max 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current = 0) . —3 max 


In Common-Base Circuit 


Emitter-to-Base Capacitance (with emitter-to-base volts 
—1, collector current = 0, and frequency = 100 kc) . 


—1, collector current = 0, and frequency = 100 kc) . 

Collector-to-Base Capacitance (with collector-to-base volts 

—10, emitter current = 0, and frequency = 1 Me) . 

Gain-Bandwidth Product (with collector-to-base volts = — 
emitter current = 20, and frequency = 100 Me) . 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts — —1 and collector ma = —50 
With collector-to-emitter volts = —1 and collector ma = —100 


TRANSISTOR 


Germanium p-n-p type used in 
high-speed saturated switching ap- / ^ 

2 NI 9 Ó 2 plications in industriai data-process- \ 

ing equipment. JEDEC No. TO-18 V 

package; outline 12, Outlines Section. ^ 

MAXIMUM RATINGS 

Collector-to-Base Voltage . —12 max 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance — 0) . —12 max volts 

Collector-to-Emitter Voltage . —7 max volts 

Emitter-to-Base Voltage . —1.25 max volts 

Collector Current . —100 max ma 

Transistor Dissipation : 

At case temperatures up to 25°C . 300 max mw 

At ambient temperatures up to 25°C . 150 max mw 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating . —55 to 100 

Storage .—65 to 100 

Lead Temperature (for 10 seconds maximum) . 230 max 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma — —10 and base ma = —1 . —0.2 max 

With collector ma = —50 and base ma = —5 . —0.4 max 

With collector ma = —100 and base ma = —10 .. —0.7 max 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current = 0) . —3 max 


—0.2 max volt 

—0.4 max volt 

—0.7 max volt 


In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 

—1, collector current = 0, and frequency = 100 kc) . 

Collector-to-Base Capacitance (with collector-to-base volts = 

—10, emitter current = 0, and frequency = 1 Me) . 

Gain-Bandwidth Product (with collector-to-base volts = —1, 
emitter current = 20, and frequency = 100 Me) . 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts = —1 and collector ma = —100 
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TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap- 
plications in industriai data-process¬ 
ing equipment. JEDEC No. TO-18 
package; outline 12 , Outlines Section. 


2N963 


MAXIMUM RATINGS 

Collector-to-Base Voltage . 

Collector-to-Emitter Voltage (with extemai base-to-emitter 

resistance = 0) . 

Collector-to-Emitter Voltage .. 

Emitter-to-Base Voltage . 

Collector Current .. 

Transistor Dissipation: 

At case temperatures up to 25 °C . 

At ambient temperatures up to 25 °C . *..*’’*' . 

At case or ambient temperatures above 25°C . 

Temperature Range: 

Operating . 

Storage . 

Lead Temperature (for 10 seconds maximum) . 


—12 max volts 

—12 max volts 

—7 max volts 

—1.25 max volts 

—100 max ma 

300 max mw 

150 max mw 

See curve page 80 

—55 to 100 *C 

—65 to 100 °C 

230 max °C 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage (with collector ma = —19 

and base ma = — 1) . —fì ? mav vn it 

Collector-Cutoff Current (with collector-to-base ‘ volts '==* ^-6* " 
and emitter current = 0) ... -5 max M a 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts — —1 

collector current = 0, and frequency = 100 kc) . 4 max nf 

Collector-to-Base Capacitance (with collector-to-base volts = —5. pi 

emitter current = 0, and frequency = 1 Me) . 5 max nf 

Gam-Bandwidth Product (with collector-to-base voÌts’=Ì p 

emitter current = 20, and frequency = 100 Me) .. 250 min Me 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —0.3 and collector ma = —10) . 20 min 


TRANSISTOR 



Germanium p-n-p type used in 
high-speed saturated switching ap- 
plications in industriai data-process¬ 
ing equipment. JEDEC No. TO-18 
package; outline 12 , Outlines Section. 
This type is identica! with type 


2N960 except for thè following items: 


2N964 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = -10 and base ma -1 . _0 18 max 

With coUector ma = -50 and base ma = -5... . Zn ì! 

With collector ma = -100 and base ma = -10 . .. Zio!max volt 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

S ^l® c ì or - t + °- em iH er vol £ = “°* 3 and collector ma = -10 40 min 

With collector-to-emitter volts = -1 and collector ma = -50 40 SS 

With collector-to-emitter volts = —1 and collector ma = —100 40 min 
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TRANSISTOR 


Germanium p-n-p type used in 
high-speed saturated switching ap- 
OKIOZ C plications in industriai data-process- 
À IN jQO ing equipment. JEDEC No- TO-18 

package; outline 12, Outlines Section. 
This type is identical with type 
2N961 except for thè following items: 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = —1 ................ 

With collector ma = —50 and base ma = — 5 . ...... 

With collector ma = —100 and base ma = —10 . ........ 



—0.18 max 
—0.35 max 
—0.6 max 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts = —1 and collector ma = —100 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap- 
é . ,x lf ../r ..." plications in industriai data-process- 
ZIMVOO ing equipment. JEDEC No. TO-18 
package; outline 12, Outlines Section. 
This type is identical with type 
2N962 except for thè following items: 



CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = —1 

With collector ma = —50 and base ma = —5 ............. 

With collector ma = —100 and base ma = —10 

In Common-Emiffer Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.3 and collector ma = —10 

With collector-to-emitter volts — —1 and collector ma = —50 

With collector-to-emitter volts = —1 and collector ma = —100 


—0.18 max volt 

—0.35 max volt 

—0.6 max volt 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap- 
OKIOZL7 plications in industriai data-process- 

/INitO/ ing equipment. JEDEC No. TO-18 

package; outline 12, Outlines Section. 
This type is identical with type 
2N963 except for thè following items: 



CHARACTERISTICS 


In Common-Em/ffer Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —0.3 and collector ma = —10) .. 
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TRANSISTOR 

©B Germanium n-p-n type used in 

.—^ low-noise small-signal audio-fre- 

E f c quency amplifier application. It is KI1 A i A 

0—ly used in input stages of audio-fre- /.IN I vi v 

V J quency amplifiers operating from 

extremely small input signals, such 

as high-fidelity preamplifiers, tape-recorder amplifiers, microphone preampli- 
fiers, and hearing aids, in which low noise is an important design considera- 
tion. JEDEC No. TO-1 package; outline 4, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 10 max volts 

Collector-to-Emitter Voltage . 10 max volts 

Emitter-to-Base Voltage (with collector open) . 10 max volts 

Collector Current . 2 max ma 

Emitter Current . —2 max ma 

Transistor Dissipation: 

At ambient temperatures up to 55°C . 20 max mw 

Ambient-Temperature Range : 

Operating ... —65 to 55 °C 

Storage ..... —65 to 85 °C 

CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volts ■= 10 

and emitter current = 0) . 10 max jua 

Emitter-Cutoff Current (with emitter-to-base volts = 2.5 

and collector current = 0) . 6 max jua 


In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = 3.5 and collector ma = 0.3) ... 

In Common-Emiffer Circuit 

Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 
(with collector-to-emitter volts = 3-5 and collector ma = 0.3) 

Noise Figure (with generator resistance = 1000 ohms 

and integrated noise bandwidth = 15 kilocycles) . 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1014 


TRANSISTOR 

©B 

Qis j Germanium p-n-p type used in 

s v rf and if amplifier circuits; oscillator, 
f ■ . * . \ mixer, and converter circuits; and OKIIAO^ 

©“Tn/ Vt - © low-level video-amplifier circuits in ^ IN I U/O 

E V J G industriai and military equipment. 

^It is used in thè design of rf circuits 
having high input-circuit efiìciency, excellent operating stability, good auto- 
matic-gain-control capabilites over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re¬ 
sistance and collector-transition capacitance, and improves performance at 
high frequencies. The center lead is internally connected to thè metal case to 
provide integrai shielding which minimizes interlead capacitance and coupling 
to adjacent circuit components. For curves of typical collector characteristics 
and for video-amplifier circuit, refer to type 2N384. JEDEC No. TO-44 package; 
outline 16, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . —40 max volts 

Collector-to-Emitter Voltage (with base-to-emìtter volts = 0.5) —40 max volts 
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Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Emitter Current .' 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At ambient temperatures up to 25 °C . 

At case or ambient temperatures above 25°C 
Temperature Range: 

Operating (junction) and Storage . 


—0.5 max volt 

—10 max ma 

10 max ma 

240 max mw 

120 max mw 

See curve page 80 

-65 to 100 °C 


CHARACTERISTICS 


Colleetor-to-Base Breakdown Voltage 

(with collector (ia = —50 and emitter current = 0) . —80 volts 

Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —0.5) —80 volts 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) . —4 (ia 

Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current =0) . —1 

Thermal Resistance: 

Junction-to-case .■„. 0.31 max °C/mw 

Junction-to-ambient .. 0.62 max °C/mw 

In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —12 and emitter ma = 1.5) .. 120 Me 

Input Resistance with ac output Circuit shorted (with collector- 

to-base volts = —12, emitter ma = 1.5, and frequency = 50 Me) 25 ohms 

Output Resistance with ac input Circuit shorted (with collector- 
to-base volts = —12, emitter ma = 1.5 and frequency = 50 Me) 8000 ohms 

Collector-to-Base Capacitance (with collector-to-base volts 

= —12 and emitter current =0) . 2 pf 

Power Gain (with collector-to-base volts = —12, 
emitter ma = 1.5, and frequency = 50 Me) . 21 db 


In Common-Emitter Circuit 


Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = —12, emitter ma = 1.5 and frequency 

= 1 kilocycle) ... 60 

Input Resistance with ac output circuit shorted (with collector- 
to-emitter volts = —12, emitter ma = 1.5, and frequency 

= 30 Me) . 100 ohms 

Output Resistance with ac input circuit shorted (with collector- 
to-emitter volts = —12, emitter ma = —1.5, and frequency 

= 30 Me) . 8000 ohms 

Power Gain (with collector-to-emitter volts = —12, 

emitter ma = 1.5, and frequency = 30 Me) . 23 db 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 

DC Collector-to-Emitter Voltage . —12 volts 

DC Emitter Current . 5.8 ma 

Source Impedance . 150 ohms 

Capacitive Load . 16 pf 

Frequency Response . 20 cps to 11 Me 

Pulse Rise Time . 0.032 /isec 

Voltage Gain . 26 db 

Maximum Peak-to-Peak Output Voltage . 20 volts 


TRANSISTOR 


Germanium p-n-p type used in f I \ 
rf and if amplifìer circuite; oscillator, Vl-Q 

OM 11 fi A fk mbter, con verter circuite; and E V J c 

M Vi II UOO low-level video-amplifìer circuite in 

industriai and military equipment. 

It is used in thè design of rf circuite ^ IS 

having high input-circuit effìciency, excellent operating stabili ty, good auto- 
matte-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-fìeld construction provides low base re¬ 
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead is internally connected to thè metal case to provide 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit componente. JEDEC No. TO-33 package; outline 13, Outlines Sec- 
tion. This type is electrically identical with type 2N1023. 
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POWER TRANSISTOR 


0 b . Silicon n-p-n type used in a 

wide variety of intermediate-power 
r^f V \ switching and amplifìer applications OKU 

'jc * n j^dustrial and military equipment. JL II U6# 

^ is used in power-switching, dc-to- 
, de converter, inverter, chopper, 

circuite- ^d SY T^a 1 CÌrCl ì ÌtS; “ osci , Uator ’ regulator, and pulse-amplifìer 
f , ’ s a C ^ ass A or class B push-pull audio and servo amplifìer It 

hptl T l OV i saturatl ° n resistance, high current and power dissipation, high 

No TO 8 naefe C ^ rent ’tl^ nd o eX A ell , ent hi S h - tem P eratur e performance. JEDEC 
JNo. TO -8 package; outlme 8 , Outlines Section. 

MAXIMUM RATINGS 


Colteeto^lollmitte^Vofage" 1111 emÌtter ° Pen) 

With base short-circuited to emitter 

With base open. . 

cSlecto'r Cu?re e nt VOMage (WÌth colle ctor open')' 

Emitter Current . 

Base Current . !.!!!!! . 

Transistor Dissipation: 

At case temperatures up to 25°C 
At case temperatures above 25°C 

Temperature Range: . 

Operating (junction) and Storage 


60 max volts 

60 max volts 
45 max volts 
12 max volts 
0.5 max ampere 
—0.5 max ampere 
0.2 max ampere 

5 max watts 
See curve page 80 

-65 to 175 °c 


CHARACTERISTICS 


dTouè?ter e m V a°= !oO) W “ h collector -t°-emitter volte = 4 

CO a n e d t emnter 0 1 u ? r ”nt = ^ volts = 60. 1 ' 2 VOlts 

^d^coUector rent ' volte = 12. 15 ^ 

Collector Current: 1 Aia 

W to h emÌtter° r ' t0 ' emltter V ° lts ~ 60 and base short-circuited 

Thermaf Reslstance”^ 1 ”*^ 61 a " d base open ' !.' ! ! ! ! ! ! ! ; % 

Junction-to-case 

Junction-to-ambient. 15 °C/watt 

Thermal Time Constant . *00 max °C/watt 

. 8 msec 


In Common-Base Circuit 


TYPICAL COLLECTOR CHARACTERISTICS 



° * 5 15 20 25 35 35 40 45--- 1 - 1 - J 

COLLECTOR-TO-EMITTER VOLTS 92 C m-,ooo,ti 
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In Common-Emitfer Circuit 


DC Forward Current-Transfer Ratio (wìth collector-to-emitter 

volts = 4 and collector ma = 200) . 

DC Collector-to-Emitter Saturation Resistance 

(with collector ma = 200 and base ma = 20) . 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELDW 

DC Collector Supply Voltage (B 2 ) . .. 

DC Base Supply Voltage (Bi) . 

Generator Resistance . 

On DC Collector Current (le) ... 

Turn-On DC Base Current (Ibi) .. 

Turn-OfT DC Base Current (Ib2) . 

Switching Time: 

Delay time (td) ... 

Rise time (t r ) .. 

Storage time (t s ) . 

Fall time (tf) .. • . . 


TY PICAL TRANSFER CHARACTERIST ICS 

TYPE 2 N1067 ' ' [ 

_C0MM0N-EMITTER CIRCUIT, _ t 

BASE INPUT. 1 

" COLLECTOR-TO-EMITTER V0LTS=4 1 

5 25 MOUNTING-BASE / - 500 C 

ì TEMPERATURE=25°C A , ; 


TRANSISTOR C 


Cf R 2 - I Bf 



BASE-TO-EMITTER VOLTS 92CS 10023 

92CS-I0002T 

Bi, B 2 = 12 volts 

Ci = 5 ili , electrolytic, 25 volts 

Ri = 51 ohms, 1 watt 

R 2 - 280 ohms, 0.5 watt 

Ra = 700 ohms, 1 watt 

Ri = 59 ohms, 2 watts 

POWER TRANSISTOR 

Silicon n-p-n type used in a ' 
wide variety of intermediate-power /rk 

OKllfìAfl switching and amplifier applications f l \ 

Zìi I vOu in industriai and military equip- V 7 ® 

ment. It is used in power switching, E V J c 
dc-to-dc con verter, inverter, chop- ^ 

per, solenoid and relay control circuits; in oscillator, regulator, and pulse- 
amplifier circuits; and as a class A or class B push-pull audio and servo 
amplifier. It features low saturation resistance, high current and power dissi- 
pation, high beta at high current, and excellent high-temperature performance. 
JEDEC No. TO -8 package; outline 8 , Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage . 60 max volts 

Collector-to-Emitter Voltage: 

With base short-circuited to emitter . 60 max volts 

With base open . 45 max volts 

Emitter-to-Base Voltage (with collector open) . 12 max volts 

Collector Current . 1.5 max amperes 

Emitter Current . —1.5 max amperes 

Base Current . 0.5 max ampere 

Transistor Dissipation : 

At case temperatures up to 25°C . 10 max watts 

At case temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) and Storage .—65 to 175 °C 


60 max volts 
45 max volts 
12 max volts 
1.5 max amperes 
—1.5 max amperes 
0.5 max ampere 

10 max watts 
See curve page 80 


-65 to 175 
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CHARACTERIST1CS 


Emitter-to-Base Voltage (with collector-to-emitter volts = 4 
and collector ma = 750) _ 

Collector-Cutoff Current (with coliectòr-to-base volte =‘ÓÓ.. 

and emitter current = 0) . ite 

Emitter-Cutoff Current (with emitter-to-base voits '= 12 .. ^ 

and collector current =r 0) .... i 

Collector Current: .* * 

With collector-to-emitter volts = 60 and base short-circuited 

to emitter . 100 

With collector-to-emitter volts = 30 and base'open* ! L !. 100 Sa 

Thermal Resistance: ^ 

Junction-to-case .. ... 7 c o r . / „„ ++ 

Junction-to-ambient ..... . ° 100 max °C/wat+ 

Thermal Time Constant .. !.... !........ ; ; ; ; ; ; ; ; ; ; ; ; : ìou max C/watt 


in Common-Base Circuit 

SmaiPSignal Forward-Current-Transfer-Ratio CutofT Frequency 


—/—° Ti T ^ " ^ -iicutoici-ivtuiu v-uLuii rrequency 

(with collector-to-base volts = 28 and collector ma = 5) .... 1.5 Me 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 4 and collector ma = 750) . 30 

DC Collector-to-Emitter Saturation Resistance. 

(with collector ma = 750 and base ma = 20) . 3 ohms 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR -T0"EMITTER VOLTS $2CM-iooo6Tl 


TYPICAL TRANSFER CHARACTERISTICS 



BASE-TQ-EMITTER VOLTS 

92SS-I0007t 



92CS-I0023 
Bi, B 2 = 12 volts 
Ci = 5 ni, electrolytic, 25 volts 
Ri “ 51 ohms, 1 watt 
Ra = 100 ohms, 0.5 watt 
R 3 = 320 ohms, 1 watt 
R* = 15.9 ohms, 2 watts 











































190 


RCA Transistor Manual 


TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 


DC Collector Supply Voltage (B 2 ) . 12 volts 

DC Base Supply Voltage (Bi) . —12 volts 

Generator Resistance . 50 ohms 

On DC Collector Current (I c ) . 750 ma 

Turn-On DC Base Current (Ibi) . 50 ma 

Tum-OfT DC Base Current (Ib 2 ) . —50 ma 

Switching Time: 

. Delay time (ta) . 0.2 jusec 

Rise time (tr) . 1.6 /isec 

Storage time (ta) . 1 a sec 

Fall time (tf) . 1.8 fisec 


POWER TRANSISTOR 


2N1069 


Silicon n-p-n type used in a 
wide variety of intermediate-power 
switching and amplifìer applications 
in industriai and military equip- 
ment. It is used in power switching, 
dc-to-dc converter, inverter, chopper, 



solenoid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifìer. It 


features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-3 package; outline 5, Outlines Section. This type is identical with type 
2N1070 except for thè following: 


CHARACTERISTICS 

Emitter-to-Base Voltage (with collector-to-emitter volts = 4 

and collector amperes = 1.5) . —1.7 volts 


In Common-Emitter Circuii 

DC Collector-to-Emitter Saturation Resistance 

(with collector amperes = 1.5 and base ma = 300) .. 0.7 ohm 


POWER TRANSISTOR 


2N1070 


Silicon n-p-n type used in a 
wide variety of intermediate-power 
switching and amplifìer applications 
in industriai and military equipment. 
It is used in power switching, dc-to- 
dc converter, inverter, chopper, sole¬ 



noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifìer. It 


features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 


No. TO-3 package; outline 5, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 
Collector-to-Emitter Voltage: 

With base short-circuited to emitter . 

With base open . 

Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Emitter Current . 

Base Current . 

Transistor Dissipation: 

At mounting-flange temperatures up to 25°C 
At mounting-flange temperatures above 25°C 
Temperature Range: 

Operating (junction) and Storage . 


60 max volts 

60 max volts 
45 max volts 
9 max volts 
4 max amperes 
—4 max amperes 
1.3 max amperes 

50 max watts 
See curve page 80 

-65 to 175 °C 
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CHARACTERISTICS 

Emitter-to-Base Voltage (with collector-to-emitter volts = 4 

and collector amperes = 1.5) . 

Collector-Cutoff Current (with collector-to-base volts =’éÓ. 

and emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volts = 9 . 

and collector current = 0) .... 

Collector Current: 

With collector-to-emitter volts = 60 and base short-circuited 

to emitter . 

With collector-to-emitter volts = '45 ' and base open. 

Thermal Resistance: . 

Junction-to-mounting-flange . 

Thermal Time Constant ..i! 

In Common-Base Circuit 

Smail-Signal Forward-Current-Transfer-Ratio Cutoif Frequency 
(with collector-to-base volts = 12 and collector ma = 100) 

In Common-Emitter Circuit 


- 1.1 

volts 

25 

fia. 

1 

(ia 

200 

fia 

200 

fia 

1 

•C/watt 

10 

msec 

1.2 

Me 


DC Forward Current-Transfer Ratio (with collector-to-emitter 


r ,,-%- j ^WJ.U1 tuueciur-io-emmer 

volts = 4 and collector amperes = 1.5) 20 

DC Collector-to-Emitter Saturation Resistance . 

(with collector amperes = 1.5 and base ma = 1.5) . 0.4 ohm 


TYPICAL COLLECTOR CHARACTERISTICS 



TYPICAL TRANSFER CHARACTERISTICS 



BASE-TO—EMITTER VOLTS 


92CS-I0026T 



92CS-I0023 

Bi, B 2 = 12 volts 

Ci = 5fif, electrolytic, 25 volts 

Hi = 51 ohms, 1 watt 

Ra = 10 ohms, 0.5 watt 

R 3 = 75 ohms, 1 watt 

R 4 = 7.5 ohms, 2 watts 
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TY'PICAL OPERATION IN POWER-SWITCHING CIRCUIT 

DC Collector Supply Voltage (B 2 ) . 

DC Base Supply Voltage (Bi) ... !!!!.'!!!!!!!!!! 

Generator Resistance . 

On DC Collector Current (le ) . 

Turn-On DC Base Current (Ibi) ........ 

Turn-Off DC Base Current (Ib2> ... 

Switching Time: 

Delay time (td) ... 

Rise time (tr) ..... 

Storage time ( t a ) . **!!'*.! 

Fall time (tf ) ......... 


12 

volts 

> 12 

volts 

50 

ohms 

1.5 

amperes 

200 

ma 

—200 

ma 

0.2 

/isec 

1.8 

fi sec 

0.8 

fisec 

1.4 

/isec 


TRANSISTOR 

Germanuim n-p-n type used in 
Oli Mi AAA high-current, medium-speed switch- 
2N I UVO ing circuits in electronic computers. 

JEDEC No. TO-5 package; outline 
6, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .... „...........„ 

Collector-to-Emitter Voltage: 

With base-to-emitter volts = —I .... 

With base open ...„ 

Emitter-to-Base Voltage (with collector open) . 

Collector Current .... 

Transistor Dissipation : 

At ambient temperatures up to 25°C ... 

At ambient temperature of 55°C ... 

At ambient temperature of 71°C .... 

Ambient-Temperature Range : 

Operating and Storage ... 

CHARACTERISTICS 

Base-to-Emitter Voltage: 

With collector ma = 20 and base ma = 0.67 ... 

With collector ma = 200 and base ma = 10 ..... 

Collector-to-Emitter Saturation Voltage: 

With collector ma = 20 and base ma = 0-67 .. 

With collector ma = 200 and base ma = 10 . 

Collector-Cutoff Current (with collector-to-base volts = 12 

and emitter current = 0) . 

Stored Base Charge (with collector ma = 20 and base ma = 1.33) 



18 max 
15 max 
20 max 
400 max 

120 max 
35 max 
10 max 


0.4 max 
1.5 max 


0.2 max 
0.3 max 


8 max 
1600 max 


In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 6 

and emitter current = 0) . 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 6 and emitter ma = — 1) ...... 

In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 0.2 and collector ma = 20 .. 
With collector-to-emitter volts = 0.3 and collector ma = 200 .. 


2N1091 


following items: 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 

With base-to-emitter volts = —1 
With base open ...... 


TRANSISTOR 

Germanium n-p-n type used in 
high-current, medium-speed switch¬ 
ing circuits in electronic computers. 
JEDEC No. TO-5 package; outline 
6 , Outlines Section. This type is iden¬ 
tica! with type 2N1090 except for thè 
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CHARACTERISTICS 


Base-to-Emitter Voltage: 

With collector ma = 20 and base ma = 0.5 ................. 0.35 max volt 

With collector ma = 200 and base ma = 6.7. 11 Sax volts 

Collector-to-Emitter Saturation Voltage: 1.1 max volts 

With collector ma = 20 and base ma = 0.5 ... 0 2 max volt 

With collector ma = 200 and base ma = 6.7 . 0 3 max volt 

Collector-Cutoff Current (with collector-to-base volts = 12 

and emitter current = 0) . c 

Stored Base Charge (with collector ma = 2Ò and base ma' = ’ij 1000 max pcoul 

In Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 

( with collector-to-base volts = 6 and emitter ma = —1) _ 10 min Me 

Collector-to-Base Capacitance (with collector-to-base volts = 6 
and emitter current = 0) . 25 max pf 

In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 0.2 and collector ma = 20 . „ 40 min 

With collector-to-emitter volts = 0.3 and collector ma = 200 .» 30 min 


POWER TRANSISTOR 


y® Silicon n-p-n type used in "a 

s- -v wide variety of intermediate-power 

_ f -JLA switching and amplifier applications Oli 11 AftO 

©4n/ V+-© ÌH industriai and military equip- ilMIU/2 
E V J c nient. It is used in power switching, 

^dc-to-dc converter, inverter, chop- 
per, solenoid and relay control circuits; in oscillator, regulator, and pulse- 
amplifier circuits; and as a class A or class B push-pull audio and servo 
amplifier. It features low saturation resistance, high current and power dissi- 
Yr gh ^ a r at hl f h current, and excellent high-temperature performance. 
JEDEC No. TO-5 package; outline 6, Outlines Section. 

MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) 

Collector-to-Emitter Voltage : - .......... 

With base short-circuited to emitter 

With base open . . 

Emitter-to-Base Voltage (with collector ooen) 

Collector Current ... } . 

Emitter Current . !. 

Base Current . . 

Transistor Dissipation:. 

At case temperatures up to 25 °C 

„ A t case temperatures above 25°C. 

Temperature Range : . 

Operating (junction) and Storage . 

CHARACTERISTICS 

E “ndToll^tor e Ja°= 200) WÌth . c ° llector - t °-emitter volts = 4 

C and C emìtter 0 cu?rent e = coUectorlto - bas e volts = M ' ' ' 

E and e c'onec 0 tor S ^ emltter - to - ba - volts’ = 12. 

Collector Current: . 

W “h h o r ?^!^Sf^ 0 - t e o m ^Ttte V r° ItS = 60 and base 

Thermaf°Resistancef m ^ ter V ° Its = 30 and base °P en ' 
Junction-to-case 

Junction-to-ambient .... 

Thermal Time Constant .,..!!!!!!. 


60 max volts 

60 max volts 
30 max volts 
12 max volts 
0.5 max ampere 
—0.5 max ampere 
0.2 max ampere 

2 max watts 
See curve page 80 


35 °C/watt 

225 max °C/watt 
8 msec 


In Common-Base Circuit 

^^rd-Current-Transfer-Ratio Cutoff Freauencv 
(with collector-to-base volts = 28 and collector ma = 5) 

In Common-Emitter Circuit 

D vons° r = a 4 r Ìnd U coTlec'tor ra ma f = 2*00?° . ! WÌth . . C0llect0 ^‘°; e “ itte f 
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DC Collector-to-Emitter Saturation Resistance 

(with collector ma = 200 and base ma = 20) . * 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW 

DC Collector Supply Voltage (B 2 ) . 

DC Base Supply Voltage (Bi) . “ 

Generator Resistance . 

On DC Collector Current (le) . 

Tum-On DC Base Current (Ibi) . 

Turn-OfO DC Base Current (IB 2 ) . 

Switching Time : 9 

Delay time (td) . V •« 

Rise time (tr) . j;‘ 7 

Storage time (t 8 ) . YrL 

Fall time (tr) . 


ohms 


volts 

volts 

ohms 

ma 

ma 

ma 

/usec 

/usec 

/isec 

/isec 


TYPICAL TRANSFER CHARACTERISTICS 



BASE -TO - EM1TTER VOLTS 


92CS-10044T 



92CS-I0023 

Bi, B 2 = 12 volts 

Ci = 5 pt, electrolytic, 25 volts 

Ri = 51 ohms, 1 watt 

R 2 = 280 ohms, 0.5 watt 

Rs = 700 ohms, 1 watt 

R* = 59 ohms, 2 watts 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92CM-IG043TI 


POWER TRANSISTOR 


2N1099 


Germanium p-n-p type used in 
a wide variety of switching and am- 
plifìer applications in industriai and 
military equipment requiring tran¬ 
sistor having high voltage, current, 
and dissipation values. It is used in 



power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
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power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier Service. This type is designed to provide satis- 
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines Section* 
This type is identical with type 2N173 except for thè following items: 

MAXIMUM RATÌNGS 


Collector-to-Base Voltage (with emitter-to-base volts = 1.5) .... —80 max volts 

Emitter-to-Base Voltage (with collector open) . —40 max volts 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 

= -0.3 . 

With base open and collector amperes = —0.3 . 

Collector-to-Emitter Reach-Through Voltage . 

Collector-CutofE Current (with collector-to-base volts = —80 
and emitter current = 0 ) .. 


—70 min volts 

—60 volts 

—80 min volts 

—2 ma 


TYPICAL COLLECTOR CHARACTERISTICS 



O “IO -20 -30 -40 -50 -60 -70 -80 

COLLECTOR-TO-EMITTER VOLTS 92CM-10733T 


POWER TRANSISTOR 



Germanium p-n-p type used in 
a wide variety of switching and am¬ 
plifier applications in industriai and 
military equipment requiring tran¬ 
sistor having high voltage, current, 
and dissipation values. It is used in 


2N1100 


power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 


power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier Service. This type is designed to provide satis- 


factory performance under extreme environmental conditions of temperature, 


moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 


and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N174 except for thè following items: 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) 
Emitter-to-Base Voltage (with collector open) . 


—100 max volts 

—80 max volts 
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CHARACTERISTICS 

Collector-to-Emitter Break down Voltage (wlth base 
short-circuited to emitter and collector amperes = —0.3) .,, 
Emitter-to-Base Voltage (with collector-to-base volta = —100 

and emitter current = 0) ... . 

Collector-to-Emitter Reach-Through Voltage . 

Emitter-CutofT Current (with emitter-to-base volts = —80 

and collector current = 0) .. 

Collector-CutofT Current (with collector-to-base volts = —100 
and emitter current = 0) .. 


—80 min 

volts 

—1 max 

volt 

—100 min 

volts 

-1 

ma 

-2 

ma 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 82CM-10724T 


TRANSISTOR 


2N1169 


Germanium n-p-n bidirectìonal 
type used in medium-speed switch- 
ing circuits in data-processing 
equipment. This type is designed so 
that thè emitter can also function 
as a collector and thè collector can 



also function as an emitter. It is especially useful in bidirectional switching, 
core-driver, and ac-signal relay circuits. JEDEC No. TO-5 package; outline 63 
Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) ... 0 25 max volts 

Emitter-to-Base Voltage (with collector open) . 25 max volts 

Collector-to-Emitter Voltage: 

With base-to-emitter volts = —1 . 20 max volts 

With base open . 18 max volts 

Collector Current . ±400 max ma 

Emitter Current . ±400 max ma 

Transistor Dissipation: 

At ambient temperatures up to 25°C . 120 max mw 

At ambient temperature of 55°C . 35 max mw 

At ambient temperature of 71°C . 10 max mw 

Ambient-Temperature Range : 

Operating ... —65 to 71 °C 

Storage ....... —65 to 85 °C 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = 200 and base 

ma = 10) . 1.5 max volts 

Collector-to-Emitter Saturation Voltage (with collector ma 

= 200 and base ma = 10) . 0.3 max volt 

Collector-CutofT Current (with collector-to-base volts = 12 
and emitter open) . 10 max ua 
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In Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 6 and collector ma = 1) .... 
Collector-to-Base Capacitance (with collector-to-base volts = 6 
and collector current = 0) . 

In Common-Bmitter Circuit 

Forward Current-Transfer Ratio (with collector-to-emitter volts 
= 0.3 and collector ma = 200) .. 


TRANSISTOR 

Germanium n-p-n bidirectional 

/-\ type used in medium-speed switch- 

E f . I . \ c big circuits in data-processing OIVI IUTA 

®“k/ \À~® equipment. This type is designed so £ sM I I / U 

V J that thè emitter can also function 

^-^ as a collector and thè collector can 

also function as an emitter. It is particularly useful in bidirectional switching, 
core-driver, and ac-signal relay circuits. JEDEC No. TO-5 package; outline 6 ^ 
Outlines Section. This type is identical with type 2N1169 except for thè fol- 
lowing items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 40 max volts 

Emitter-to-Base Voltage (with collector open) . 40 max volts 

Collector-to-Emitter Voltage: 

With base-to-emitter volts = -1 . 39 max volts 

With base open . 20 max volts 


CHARACTERISTICS 

Collector-CutofE Current (with collector-to-base volts 
and emitter open) . 


TRANSISTOR 

Germanium p-n-p type used in 
r r -, r~T\ radio -frequency amplifier applica- 

l , / J tions in FM and AM/FM radio re- 

(TYJWj—py ceivers. In a typical FM timer 2 

e b is c operating at 100 megacycles, this 

type can provide a power gain of 
14 db. JEDEC No. TO-45 package; outline 17, Outlines Sectioru 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 

Emitter-to-Base Voltage (with collector open) . ... * ’ ’ * !. 

Collector Current . 

Emitter Current . 

Transistor Dissipation: 

At ambient temperatures up to 25°C. 

At ambient temperature of 55°C .. 

At ambient temperature of 71°C . !!!!!!.!! 

Ambient-Temperature Range : 

Operating ... —65 t 

Storage ... —65 t 


2N1177 


—30 max volts 

—1 max volt 

—10 max ma 

10 max ma 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

(with emitter-to-base volts = —0.5 and collector /xa = 
Collector-CutofT Current (with collector-to-base volts : 

and emitter current = 0) . 

Emitter-CutofT Current (with emitter-to-base volts = ' 
and collector current = 0) . 


—30 min volts 


In Common-Base Circuit 


Small-Signal Forward Current-Transfer Ratio (with collector- 
to-base volts _ —12, collector ma = —1, and frequency = 1 
kilocycle) . . . 
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Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —12 and collector ma = —1) 140 Me 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —12, collector ma = —1, and frequency = 1 kilocycle) 100 

TYPICAL OPERATION 

DC Collector-to-Base Voltage . —12 volts 

DC Collector Current . —1.5 ma 

Signal Frequency . 100 Me 

Input Resistance (with ac output Circuit shorted) . 45 ohms 

Output Resistance (with ac input Circuit shorted) . 3800 ohms 

Extrinsic Transconductance . 24250 jttmhos 

Collector-to-Base Output Capacitance . 2 pf 

Maximum Available Power Gain . 14 db 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92CM-(0200T] 


TRANSISTOR 

Germanium p-n-p type used in 
radio-frequency oscillator applica- S N 

0M1 ITO tions ^ AM/FM radio re- f PH ) 

^I.N I I/O ceivers. In local-oscillator Service at Sy^T ) 

a frequency above thè incoming rf e b is c 

signal, this type can supply an rf 

mixer stage with required oscillator-injection voltage for optimum mixing 
throughout thè FM band. JEDEC No. TO-45 package; outline 17, Outlines Sec- 
tion. This type is identical with type 2N1177 except for thè following items: 

CHARACTERISTICS 


In Common-Base Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
base volts = —12, collector ma '= —1, and frequency 
= 1 kilocycle) .. 


In Commo/i-Emiffei* Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts — —12, collector ma = —1, and frequency = 1 kilocycle) 


TYPICAL OPERATION 

DC Collector-to-Base Voltage 
Collector Current . 


-11 

-2.5 


volts 

ma 
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Signal Frequency . 110.7 Me 

Extrinsic Transconductance . 21800 /unhos 

Collector-to-Base Output Capacitance . 2 pf 


TRANSISTOR 


_ Germanium p-n-p type used in 

/" \ radio-frequency mixer applications 

( Hk /-~ 1 ) in FM and AM/FM radio receivers. ili| ■■ 

VnKa — a tuner operating at A IH II/# 

e b V c 100 megacycles, this type can pro- 
vide a conversion power gain of 

17 db. JEDEC No. TO-45 package; outline 17, Outlines Section. This type is 
identical with type 2N1177 except for thè following items: 


MAXIMUM RATINGS 


In Common-Base Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-base volts = —12, collector ma = —1, and frequency 
— 1 kilocycle) . 

In Common-Base Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 


volts — —12, collector ma —1, and frequency — 1 kilocycle) 80 

TYPICAL OPERATION 

DC Collector-to-Base Voltage . —12 

DC Collector Current .—0.8 

Signal Frequency .! ' '.' 100 

Input Resistance (with ac output Circuit shorted) .! ! 40 

Output Resistance (with ac input Circuit shorted and 

intermediate frequency = 10.7 Me) . 90000 

RMS Base-to-Emitter Oscillator 

Injection Voltage . 125 

Extrinsic Conversion Transconductance . 7500 

Collector-to-Base Output Capacitance . 2 

Maximum Available Conversion Power Gain . 17 


volts 

ma 

Me 

ohms 

ohms 


mv 

/tiinhos 

Pf 


db 


TRANSISTOR 



Germanium p-n-p type used in 
intermediate-frequency amplifier ap¬ 
plications in FM and AM/FM radio 
receivers. In a three-stage 10.7- 
megacycle if amplifier circuit, this 


2N1180 


type can provide a useful power 

gain of 65 db with neutralization or 57 db without neutralization. JEDEC No. 


TO-45 package; outline 17, Outlines Section. This type is identical with type 
2N1177 except for thè following items: 


MAXIMUM RATINGS 


Emitter-to-Base Voltage (with collector open) . —0.5 max volt 

CHARACTERISTICS 

Emitter-Cutoff Current (with emitter-to-base volts = —0.5 
and collector current = 0) . —12 max fi a 

In Common-Base Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-base volts = —12, collector ma — —1, and frequency 
- 1 kilocycle) . 0.988 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —12 and collector ma = —1) .. 100 Me 
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Sn Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —12, collector ma = —1, and frequency == 1 kilocycle) 

TYPICAL OPERATION 

DC Co llector-to-Emitter Voltage ......................... . 

DC Collector Current . 

Signal Frequency . 

Input Resistance (with ac output Circuit shorted) .. 

Output Resistance (with ac input Circuit shorted) . 

Extrinsic Transconductance . 

Collector-to-Base Output Capacitance .. 

Maximum Power Gain: 

Single Stage 

Available . . 0 35 

Useful: 

In neutralized Circuit .. 23 

In unneutralized circuit .... 20 


80 


-12 

volts 

—1.5 

ma 

10.7 

Me 

325 

ohms 

24000 

ohms 

40250 

jtmhos 

2 

Pf 

Three 

Stages 

35 

db 

21-6 

db 

19 

db 


POWER TRANSISTOR 


2N1183 

2N1183A 

2N118? 


Germanium p-n-p types used in 
intermediate-power switching, and 
low-frequency amplifier applications 
in industriai and military equipment. 
They are used in power switching, 
dc-to-dc converters, choppers, sole- 



noid drivers, and relay Controls; in oscillator, regulator, and pulse-amplifier 
circuits; and as class A or class B amplifiers for servo and linear amplifier 
applications. JEDEC No. TO-8 package; outline 8, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 

(with emitter open) ...... 

2N1183 

—45 max 

2N1183A 

—60 max 

2N1183B 

—80 max 

volts 

Collector-to-Emitter Voltage: 

With emitter-to-base volts — —1.2 . 

—45 max 

—60 max 

—80 max 

volts 

With base short-circuited to emitter 

—35 max 

—50 max 

—60 max 

volts 

With base open . 

—20 max 

—30 max 

—40 max 

volts 

Emitter-to-Base Voltage 

(with collector open) ... 

—20 max 

—20 max 

—20 max 

volts 

Collector Current .. 

—3 max 

—3 max 

—3 max amperes 

Emitter Current . 

3.5 max 

3-5 max 

3.5 max amperes 

Base Current . 

—0.5 max 

—0.5 max 

—0.5 max 

ampere 

Transistor Dissipation: 

At case temperatures up to 25°C . . 

7.5 max 

7-5 max 

7-5 max 

watts 

At ambient temperatures up to 25°C 

1 max 

1 max 

1 max 

watt 

At case or ambient temperatures 

above 25°C .. 

Temperature Range: 

Operating (junction) and Storage .. 

CHARACTERISTICS 

Collector-to-Emitter Breakdown 
Voltage: 

With emitter-to-base volts = —1.2 
and collector ma — —0.25 . 

2N1183 

—45 min 

See curve page 

—65 to 100 

2N1183A 

—60 min 

80 

2N1183B 

—80 min 

volts 

With base short-circuited to emitter 
and collector ma — —50 . 

—35 min 

—50 min 

—60 min 

volts 

With base open and collector ma 
- -50 . 

—20 min 

—30 min 

—40 min 

volts 

Emitter-to-Base Voltage 

(with collector-to-emitter volts 
— —2 and collector ma — —400) . 

1.5 max 

1.5 max 

1.5 max 

volts 

Collector-Cutoff Current: 

With collector-to-base volts = —1.5 
and emitter current — 0 . 

—30 max 

—30 max 

—30 max 

fi a 

With collector-to-base volts = —45 
and emitter current — 0 . 

—250 max 


__ 

fidi. 

With collector-to-base volts = —60 
and emitter current — 0 . 


—250 max 

_ 

fia 

With collector-to-base volts = —80 
and emitter current — 0 . 

_ 

_ 

—250 max 

ila 

Emitter-Cutoff Current 

(with emitter-to-base volts = —20 
and collector current — 0) . 

—100 max 

—100 max 

—100 max 

fia 
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Collector Saturation Resistance (with 
collector ma = —400 and base ma 


_ = —40) . 1.25 max 1.25 max 1.25 max ohms 

Thermal Resistance: 

Junction-to-base .». 10 max 10 max 10 max °C/watt 

Junction-to-ambient... 75 max 75 max 75 max °C/watt 


Sn Common-Base Circuit 

Small-Signal Forward-Current-Trans- 
fer-Ratio Cutoff Frequency (with 
collector-to-base volts = —6 and 

emitter ma = 1) . 500 min 500 min 500 min kc 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio 
(with collector-to-emitter volts 

= —2 and collector ma = —400) .. 20 to 60 20 to 60 20 to 60 


TYPICAL TRANSFER CHARACTERISTIC 



0 0.5 I 1.5 2 2.5 


EM1TTER-T0-BASE VOLTS 

92CS-10433TI 



+ 


92CS-I0457RI 

Bi, B 2 = 12 volts 

Ci = 10 juf, electrolytic, 25 volts 

Ri = 51 ohms, 2 watts 

Rs = 120 ohms, 2 watts 

Rs = 230 ohms, 1 watt 

Ri = 29.5 ohms, 5 watts 


TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE 


DC Collector Supply Voltage (B 2 ) 
DC Base Supply Voltage (Bi) . .. 

Generator Resistance . 

On DC Collector Current (le) 
Tum-On DC Base Current (Ibi) 
Turn-Off DC Base Current (Ib 2 ) 
Switching Time: 

Delay time (td) . 

Rise time (tr) . 

Storage time (t 8 ) . 

Fall time ( tr ) . 


-12 

volts 

12 

volts 

50 

ohms 

—400 

ma 

—40 

ma 

40 

ma 

0.2 

jusec 

2 

fi sec 

1.8 

fisec 

1.4 

jusee 


TYPICAL COLLECTOR CHARACTERIST1CS 



COLLECTOR-TO-EMITTER VOLTS 92CM-I0425TI 
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TYPICAL COLLECTOR CHARACTERISTICS 



0 -2-4 -6 -8 -IO -12 -14 -16 -18 -20 


COLLECTOR-TO-EM1TTER VOLTS 92CM-I0440TI 


POWER TRANSISTOR 

O M 11 1 Q A Germanium p-n-p types used in q b 

XftN II I Or»' intermediate-power switching and 

OlKll 1 QA A low-frequency amplifier applications c / , 1 v -\g 
XilN I I O^A in industriai and military equipment. ©k/ Vj® 

O MI TI 1 QA O, They are used in power switching, \. J 

ZINI I I OnD dc-to-dc converters, choppers, sole- v ^ 

noid drivers, and relay Controls; in oscillator, regulator, and pulse-amplifier 
circuits; and as class A or class B amplifìers for servo and linear amplifier 
applications. JEDEC No. TO-8 package; outline 8, Outlines Section. These types 
are identical with types 2N1183, 2N1183A and 2N1183B, respectively, except 
for thè following items: 


CHARACTERISTICS 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts — —2 and collector ma = —400) . 


40 to 120 
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TYPICAL COLLECTOR CHARACTERISTICS 



0 -2 -4 -6 -8 -IO -12 -14 -16 -18 -20 


COLLECTOR-TO-EMITTER VOLTS 92CM-I0439TI 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1213 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1214 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2NT215 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1216 


TRANSISTOR 

f 1 \ Germanium p-n-p type used in 

( 7 )—/ 7 \ an ^ ^ amplifier circuits; oscillator, 

E V J c mixer and converter circuits; and 

low-level video-amplifier circuits in AiSnsI I ZZ*t 
industriai and military equipment. 

It is used in thè design of rf circuits 

having high input-eircuit effìciency, excellent operating stability, good auto- 
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re- 
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead internally connected to thè metal case provides 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit components. JEDEC No. TO-33 package; outline 13, Outlines Sec¬ 
tion. This type is electrically identical with type 2N274. 
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2NI1225 


TRANSISTOR 

Germanium p-n-p type used in 
rf and if amplifier circuite; oscillator, 
mixer, and converter circuite; and 
low-level video-amplifier circuite in 
industriai and military equipment. 
It is used in thè design of rf circuite 



having high input-circuit efficiency, excellent operating stability, good auto- 


matic-gain-control capabilities over a wide range of input-signal levels, and 


good signal-to-noise ratio. The drift-fìeld construction provides low base re- 
sistance and collector-transition capacitance, and improves performance at 
high frequencies. A fourth lead internally connected to thè metal case provides 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit componente. JEDEC No. TO-33 package; outline 13, Outlìnes Sec¬ 
tion. This type is electrically identical with type 2N384. 


TRANSISTOR 


Germanium p-n-p type used in f | \ 

rf and if amplifier circuite; oscillator, (jV_( J \ \— (3) 
‘OMIIOOA mbcer, and converter circuite; and E y ì c 

INI J //.O low-level video-amplifier circuite in 

industriai and military equipment. TT 

It is used in thè design of rf circuite ^ ls 

having high input-circuit efficiency, excellent operating stability, good auto- 
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re- 
sistance and collector-transition capacitance, and improves performance at 
high frequencies. A fourth lead internally connected to thè metal case provides 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit componente. JEDEC No. TO-33 package; outline 13, Outlìnes Sec- 
tion. This type is electrically identical with type 2N274 except for thè following 
items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . —60 max volts 

Collector-to-Emitter Voltage (with base-to-emitter volts = 0.5) —60 max volts 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector jxa = —50 

and emitter current = 0) . —100 volts 

Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —0.5) ... ........ —100 volts 


2N1300 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed switching applications in 
data-processing equipment. JEDEC 
No. TO-5 package; outline 6, Out- 
lines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . —13 max volts 

Collector-to-Emitter Voltage (with base open) . —12 max volts 

Emitter-to-Base Voltage (with collector open) . —1 max volt 

Collector Current . —100 max ma 

Emitter Current . 100 max ma 

Transistor Dissipation : 

At ambient temperatures up to 25°C . 150 max mw 

At ambient temperatures above 25°C . See curve page 80 
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Ambient-Temperature Range: 

Operating and Storage . 

Lead Temperature (for 10 secondò maximum) .. 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —40 
and base ma = —1) . 

Collector-Cutofif Current (with cohector-to-base vòlte = — 6 
and emitter open) . 

Total Stored Charge (with collector ma = —ÌÓ. 

and base ma = —1) . 

In Common-Base Circuit 

Collector Capacitance (with collector-to-base volte = —6 
and emitter current = 0) . . 

In Common-Emifter Circuit 

Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —0.3 and collector ma —10) . 

Gain-Bandwidth Product (with collector-to-emitter ' volts’* * 
= —3 and collector ma — —10) . 


—65to85 

255 max 

—0.4 max volt 

—3 max ìi a 

400 max pcoul 

12 max pf 

30 min 

25 min Me 


TRANSISTOR 

Germanium p-n-p type used in 
s v high-speed switching applications in 

Xj \ c data-processing equipment. JEDEC 

No. TO-5 package; outline 6, Out- 
J lines Section. Maximum ratings for 

^ ^ this type are thè same as for type 

2N1300 except for thè following items: 

MAXIMUM RATINGS 

Emitter-to-Base Voltage (with collector open) 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma — —40 

and base ma = —1) . 

Collector-Cutoff Current (with coliector-'tò'-base volte =’ —è’ 

and emitter current = 0) . 

Total Stored Charge: 

With collector ma = —10 and base ma = —0.4 

With collector ma = —40 and base ma = —1.6 1 [ 

In Common-Base Circuit 

Collector Capacitance (with collector-to-base volte = —6 
and emitter open) . 

In Common-Emifter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts = —0.5 and collector ma = —40 
Gain-Bandwidth Product (with collector-to-emitter volts — —3 
and collector ma = —10) . 


2N1301 


—4 max volte 

—0.6 max volt 

—3 max tia 

325 max pcoul 
800 max pcoul 

12 max pf 

30 min 
40 min 

35 min Me 



TRANSISTOR 

Germanium n-p-n type used in 
medium-speed switching applica¬ 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 
Collector Current .. 


2N1302 


25 max volte 

25 max volts 

300 max ma 


QO 
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Transistor Dissipation: 

At ambient temperatures up to 25°C . 

At ambient temperatures above 25°C . 

Ambient-Temperature Range : 

Operating . 

Storage . 

Lead Temperature (for 10 seconds maximum) 


150 max mw 

See curve page 80 

—65 to 85 °C 

—65 to 100 °C 

230 max °C 


CHARACTERISTICS 


Base-to-Emitter Voltage (with collector ma = 10 and base 

ma -- 0.5) . 0.15 to 0.4 volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 0.5) . 0.2 max volt 

Collector-Cutoff Current (with collector-to-base volts — 25 
and emitter current = 0) . 6 max fio. 


In Common-Base Circuit 


Collector-to-Base Capacitance (with collector-to-base volts = 5 

and emitter current — 0) . 20 max pf 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 5 and emitter ma = 1) . 3 min Me 


In Common-Emitter Circuit 


Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 1 and collector ma = 10 .... 20 min 

With collector-to-emitter volts = 0.35 and collector ma = 200 . 10 min 


2N1303 


TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica - 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Transistor Dissipation : 

At ambient temperatures up to 25°C . 

At ambient temperatures above 25°C . 

Ambient-Temperature Range : 

Operating . 

Storage . 

Lead Temperature (for 10 seconds maximum) . 


—30 max volts 

—25 max volts 

—300 max ma 

150 max mw 

See curve page 80 

-65 to 85 °C 

—65 to 100 °C 

230 max °C 


CHARACTERISTICS 


Base-to-Emitter Voltage (with collector ma = —10 and base 

ma = —0.5} . —0.15 to —0.4 volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —0.5) . —0,2 max volt 

Collector-Cutoff Current (with collector-to-base volts = —25 

and emitter current = 0) . —6 max fia 


In Common-Base Circuit 


Collector-to-Base Capacitance (with collector-to-base volts = —5 

and emitter current — 0) . 20 max pf 

Forward-Current-Transfer-Ratio Cu toff Frequency 

(with collector-to-base volts — —5 and emitter ma = 1) .... 3 min Me 


In Common-Emitter Circuit 


Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —1 and collector ma = —10 . . 20 min 

With collector-to-emitter volts = —0.35 and collector ma = —200 10 min 
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for thè following: 

CHARACTERISTICS 


TRANSISTOR 

Germanium n-p-n type used in 
medium-speed switching applica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1302 except 


Base-to-Emitter Voltage (with collector ma = 10 and base ma 

Collector-to-Èmitter Saturation Voltage. 

(with collector ma = 10 and base ma = 0.25) . 


2N1304 


In Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = 5 and emitter ma = 1) 

In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 1 and collector ma = 10 
With collector-to-emitter volts = 0.35 and collector ma = 200' 


40 to 200 

15 min 


TRANSISTOR 

Y Germanium p-n-p type used in 

medium-speed switching applica- 
£ ( i v \ c tions in data-processing equipment. 

\A~® JEDEC No. TO-5 package; outline 
V J 6, Outlines Section. This type is 
^^ identical with type 2N1303 except 

for thè following: 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —10 
and base ma = —0.5) . 

Collector-to-Emitter Saturation Voltage (with’collector'nià’= —ÌÒ 
and base ma = —0.25) . . 

In Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = -5 and emitter ma = 1) 

In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —10 and collector ma = —10 
With collector-to-emitter volts = —0.35 and collector ma = —20Ó 


2N1305 


—0.15 to —0.35 volt 
—0.2 max volt 


40 to 200 

15 min 


TRANSISTOR 

Germanium n-p-n type used in 
medium-speed switching applica- 
£ f , I . c tions in data-processing equipment. 
K/ \A~® JEDEC No. TO-5 package; outline 
V J 6, Outlines Section. This type is 
^identical with type 2N1302 except 
for thè following: 

CHARACTERISTICS 

Ba Ì e "o° 5 ") EmÌtter Voltage (with collector ma = 10 and base ma 

Collector-to-Èmitter Saturation Voitage. 

(with collector ma = 10 and base ma = 0.17) . 


2NT306 


0.15 to 0.35 volt 
0.2 max volt 
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Un Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 5 and emitter ma = 1) ... 0O<f 10min Me 

In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 1 and collector ma = 10 . ... 60 to 300 

With collector-to-emitter volts = 0.35 and collector ma = 200 . 20 min 


2N1307 

for thè following: 


TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1303 except 



CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —10 

and base ma — —0.5) .—0.15 to—0.35 volt 

Collector-to-Emitter Saturation Voltage . 

(with collector ma = —10 and base ma = —0.17) ...... —0.2 max volt 


Srt Common-Base Circuit 


Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —5 and emitter ma = 1) 10 min Me 


In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts =r —1 and collector ma = —10 . 60 to 300 

With collector-to-emitter volts = —0.35 and collector ma = —200 20 min 


2N1I308 

for thè following: 


TRANSISTOR 

Germanium n-p-n type used in 
medium-speed switching applica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1302 except 



CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = 10 and base ma 

= 0.5) ... 0.15 to 0.35 volt 

Collector-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 0.13) . . 0.2 max volt 


In Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 5 and emitter ma = 1) . ».. , . „ « 15 min Me 


In Common-Emitter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 1 and collector ma = 10 . . . . 80 min 

With collector-to-emitter volts = 0.35 and collector ma = 200 . 20 min 


Technical Data 


2099 



for thè following: 


TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica- 
tions in data-processing equipment. 
JEDEC No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1303 except 


CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —10 

and base ma = —0.5) . 

Collector-to-Emitter Saturation Voltage 

(with collector ma — —10 and base ma = —0.13) 


In Common-Base Circuit 

Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —5 and emitter ma = 1) _ 


In Common-Emitter Circuit 


Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —1 and collector ma = —10 
With collector-to-emitter volts = —0.35 and collector ma = —2ÓÒ 


2N1309 


—0.15 to -0.35 volt 
—0.2max volt 

15 min Me 

80 min 
20 min 


TRANSISTOR 



Germanium p-n-p bidirectional 
type used in medium-speed switch¬ 
ing circuits in data-processing 
equipment. This type is designed 
so that thè emitter can also function 
as a collector and thè collector can 


2N1319 


also function as an emitter. It is especially useful in bidirectional switching,, 
core-driver, and ac-signal relay circuits. JEDEC No. TO-5 package; outline 6,, 
Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 

Emitter-to-Base Voltage (with collector open) . 

Co ector-to-Emitter Voltage (with base-to-emitter volts = ij .1 

Collector Current . 

Emitter Current . 

Transistor Dissipation : 

At ambient temperatures up to 25°C. 

At ambient temperature of 55 °C . .. 

At ambient temperature of 71 °C. 

Ambient-Temperature Range : 

Operating . 

Storage .. .* * * ° ' ’ ' ° ‘ ° ° * ° ’ J a ’ ' * * * * * * 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —400 
and base ma = —26.7) 

Collector-to-Emitter Saturation Voltage.*. 

(with collector ma = —400 and base ma — —26.7) 
Collector-Cutoif Current (with collector-to-base volts’='—12 " ‘ 
and emitter current = 0) . 


—20 max 
—20 max 
—20 max 
=t400 max 
±400 max 

120 max 
35 max 
10 max 

-65 to 71 
-65 to 85 


—1.5 max 
—0.3 max 
—6 max 


In Common-Base Circuit 

Forward-Current-Transfer-Ratio CutofE Frequency 

(with collector-to-base volts — —6 and emitter ma = 1) 
Collector-to-Base Capacitance (with collector-to-base volts =' —6 
and emitter current = 0) .; 


3 min 
30 max 


In Common-Emitter Circuit 

Forward Current-Transfer Ratio (with collector-to-emitter volts 
= —0.3 and collector ma = —400) .. 


15 min 


volts; 

volts 

volts 

ma 

ma 

mw 

mw 

mw 

°C 

’C 


volts 

volt 

/ta 


Me 

Pf 
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POWER TRANSISTOR 


2N1358 


Germanium p-n-p type used in 
a wide variety of switching and am- 
plifier applications in industriai and 
military equipment requiring tran- 
sistors having high voltage, current, 
and dissipation values. It is used in 



power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 


power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 


oscillator and audio-amplifìer Service. This type is designed to provide satis- 
factory performance under extreme environmental conditions of temperature, 


moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N174 except for thè following items: 


CHARACTER1STICS 


Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 

= —0.3 . —70 min volts 

With base open and collector amperes = — 0.3 . —40 min volts 

Base-to-Emitter Voltage: 

With collector-to-emitter volts = —2 and collector amperes 

= —5 . —0.65 volt 

With collector-to-base volts — —2 and collector amperes = —1.2 —0.35 volt 

Emitter-to-Base Voltage (with collector-to-base volts = —80 

and emitter current = 0) . —0.15 volt 

Emitter-Cutoff Current (with emitter-to-base volts = —60 

and collector current = 0) —1 ma 

Collector-Cutoff Current (with collector-to-base volts = —2 
and emitter current — 0) . —100 fi a 


In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = —12 and collector amperes 

= —1) .. 100 kc 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts —2 and collector amperes 

— —1.2 .* 55 

With collector-to-emitter volts = —2 and collector amperes 

rz ■— 5 . 35 


2N1384 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed switching circuits in 
electronic computers. JEDEC No. 
TO-11 package; outline 10, Outlines 
Section. 



MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . —30 max volts 

Collector-to-Emitter Voltage (with base open) . —30 max volts 

Emitter-to-Base Voltage (with collector open) . —1 max volt 

Collector Current . —500 max ma 

Emitter Current . 500 max ma 

Transistor Dissipation : 

At ambient temperatures up to 25°C . 240 max mw 

At ambient temperatures above 25°C . See curve page 80 

Ambient-Temperature Range; 

Operating and Storage . —65 to 85 C 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —200 

and base ma = —10) . —0.9 max volt 

Collector-Cutoff Current (with collector-to-base volts = —3 

and emitter current = 0) —8 max /ia 

Stored Base Charge (with collector ma = —10 and base ma = —1) 800 max pcoul 
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In Common-Emitter Circuit 


Forward Current-Transfer Ratio 

(with collector-to-emitter volts = —0.5 and collector ma 

— —200) . 20 min 

Gain-Bandwidth Product (with collector-to-emitter volts 

— —3 and collector ma — —10) . 20 min Me 



TRANSISTOR 

Germanium p-n-p type used in 
rf and if amplifìer circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industriai and military equipment. 
It is used in thè design of rf circuits 


2N1395 


having high input-circuit efficiency, excellent operating stability, good auto- 
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re- 
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead internally connected to thè metal case provides 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit components. JEDEC No. TO-33 package; outline 13, Outlines Sec¬ 
tion. This type is electrically identical with type 2N274 except for thè collector - 
characteristic curves shown below and a higher common-emitter small-signal 
forward current-transfer ratio of 90. 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92CM-10398T 


TRANSISTOR 


f I \ Germanium p-n-p type used in 

Q_/y \ V_0 rf and if amplifìer circuits; oscillator, 

E V J c mixer, and converter circuits; and OKU OQJL 

low-level video-amplifier circuits in xlN I J'jr© 

Tir industriai and military equipment. 

^ IS It is used in thè design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto¬ 
ma tic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re- 
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sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead intemally connected to thè metal case provides 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit components. JEDEC No. TO-33 package; outline 13, Outlines 
Section. This type is electrically identical with type 2N384 except for thè col- 
lector-characteristic curves, which are thè same as for type 2N1395, and a 
higher common-emitter small-signal forward current-transfer ratio of 90* 


TRANSISTOR 

Germanium p-n-p type used in / \ 

rf and if amplifìer circuits; oscillator, (JyJ J \ (3) 

Akl 1 AQT mixer, and converter circuits; and g V s ' c 

IV I i low-level video-amplifìer circuits in 

industriai and military equipment. XX 

It is used in thè design of rf circuits © IS 

having high input-circuit efficiency, excellent operating stability, good auto¬ 
ma tic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-fìeld construction provides low base re- 
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead intemally connected to thè metal case provides 
integrai shielding which minimizes interlead capacitance and coupling to adja- 
cent circuit components. JEDEC No. TO-33 package; outline 13, Outlines 
Section. This type is electrically identical with type 2N1023 except for thè col- 
lector-characteristic curves, which are thè same as for type 2N1395, and a 
higher common-emitter small-signal forward current-transfer ratio of 90* 


POWER TRANSISTOR 


Germanium p-n-p type used in a 
wide variety of switching and ampli- f \\ 

OMIIAI*) fìer applications in industriai and Pr\ J* V 
Ali II H I X military equipment requiring tran- c\ ' 1 J 
sistors having high voltage, current, 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifìer Service. This type is designed to provide satis- 
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ¬ 
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines Section, 
This type is identical with type 2N174 except for thè collector-characteristics 
curves, which are thè same as for type 2N1100, and thè following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter-to-base volta = —1 . 5 ) .. —100 max votts 

Emitter-to-Base Voltage (with collector open) . „ „ —60 max volts 


—100 max volte 
—60 max volte 


CHARACTERIST1CS 


Collector-to-Emitter Breakdown Voltage (with base short- 

circuited to emitter and collector amperes — —0.3) .„ e —80 min volte 

Emìtter-to-Base Voltage (with collector-to-base volte = —80 

and emitter current = 0 ) . —1 max volt 

Collector-to-Emitter Reach-Through Voltage .. 0 —100 min volte 

Collector-Cutoff Current (with collector-to-Dase volts = —100 
and emitter current = 0 ) .„ —2 ma 


2N1425 


See List of Discontinued Transistors at end o£ 
Technical Data Section for abbreviated data. 
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See List of Discontinued Transistors at end of 0M1A04 

Technical Data Section for abbreviated data. xIM I vzÓ 

See List of Discontinued Transistors at end of OiJlJllcrh 

Technical Data Section for abbreviated data. xlM I 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of medium-power 
f I \ switching and amplifìer applications 0KI1/Y70 

©~r-v/ v-j ® in industriai and military equipment. ** IV II T 1 / 7 

E V J c It is used in power switching, dc-to- 
tXs,s —^ de converter, inverter, chopper, sole- 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifìer 
circuits; and as a class A or class B push-pull audio and servo amplifìer. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-5 package; outline 6, Outlines Section. This type is identical with type 
2N1482 except for thè following: 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 60 max volts 

Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 60 max volts 

With base open .. 40 max volts 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.25) . 60 min volts 

Collector-to-Emitter Sustaining Voltage 

(with collector ma = 50 and base current = 0) .. 40 min volts 


60 max volts 


60 max volts 
40 max volts 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio 

(with collector-to-emitter volts — 4 and collector ma = 400) 
DC Collector-to-Emitter Saturation Resistance 

(with collector ma = 200 and base ma = 20 ) . 


60 min volts 
40 min volts 


7 max ohms 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
s* s n. wide variety of medium-power 

_ f - , v \ switching and amplifìer applications OKIIM&A 

CO V-r~® in industriai and military equipment. £ IV ■ t’ISU 

E 'V J c It is used in power switching, dc-to- 

^ x de converter, inverter, chopper, sole- 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifìer 
circuits, and as a class A or class B push-pull audio and servo amplifìer. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-5 package; outline 6, Outlines Section. This type is identical with type 
2N1482 except for thè following items: 

CHARACTERISTICS 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volte = 4 and collector ma = 200) . 20 to fio 

DC Collector-to-Emitter Saturation Resistance 

(with collector ma = 200 and base ma = 20 ) . 7 max ohms 


7 max ohms 
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POWER TRANSISTOR 


Silicon n-p-n type used in a 

wide variety of medium-power ^-■>. 

*5 IVI 1401 switching and amplifier applications f 1 \ 

X.I ti I HO I in industriai and military equipment. Q—L / 

It is used in power switching, dc-to- e V J c 

de converter, inverter, chopper, sole- ^- 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-5 package; outline 6, Outlines Section. This type is identical with type 
2N1482 except for thè following items: 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 

With base open . 


60 max volts 


60 max volts 
40 max volts 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage 

(with emitter-to-base volts = 1.5 and collector ma = 0.25) 
Collector-to-Emitter Sustaining Voltage 

(with collector ma = 50 and base current = 0) . 


60 min volts 
40 min volts 


POWER TRANSISTOR 


Silicon n-p-n type used in a Y® 

wide variety of medium-power ^ —-s. 

A f \ ri i a switching and amplifier applications f I \ 

XIX I HOx in industriai and military equipment. ©—k/ 

It is used in power switching, dc-to- E V J c 
de converter, in ver ter, chopper, sole- ^ 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-5 package; outline 6, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 

With base open . 

Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Emitter Current . 

Base Current . 

Transistor Dissipation: 

At case temperatures up to 25°C . 

At case temperatures above 25° C . 

Temperature Range: 

Operating (junction) and Storage . 


100 max volts 

100 max volts 
55 max volts 
12 max volts 
1.5 maxamperes 
—1.75 maxamperes 
1 max ampere 

5 max watts 
See curve page 80 

-65 to 200 °C 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.25) . 100 min volts 

Collector-to-Emitter Sustaining Voltage 

(with collector ma = 50 and base current = 0) . 55 min volts 

Base-to-Emitter Voltage (with collector-to-emitter volts = 4 

and collector ma = 200) . 3 max volts 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current = 0 ) . 10 max fi a 

Emitter-Cutoff Current (with emitter-to-base volts = 12 

and collector current = 0) .. 10 max fia 
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Thermal Resistance: 

Junction-to-case . 35 max °C/watt 

Junction-to-ambient . 200 max °C/watt 

Thermal Time Constant . 10 msec 

In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio CutofO Frequency 

(with collector-to-base volts = 28 and collector ma = 5) _ 1.5 Me 

Collector-to-Base Capacitance (with collector-to-base volts = 40 
and emitter current = 0) . 150 pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 4 and collector ma = 400) . 35 to 100 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 

emitter volts = 4 and collector ma = 5) . 50 

DC Collector-to-Emitter Saturation Resistance 

(with collector ma = 200 and base ma = 10) . 7 max ohms 


TYPICAL BASE MILLfAMPERES 


92CS-I0427R2 

Vbb = 8.5 volts 
Vco =12 volts 

0 0.5 I 1.5 2 Ri = 50 ohms, 1 watt 

BASE-TO-EMITTER VOLTS R2 = 700 ohms, 1 watt 

9zcs-I0438TI Rs = 59 ohms, 2 watts 




TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE 

DC Collector Supply Voltage (Vcc) . 

DC Base Supply Voltage (Vbb) . 

Generator Resistance . 

On DC Collector Current (I c ) . 

Turn-On DC Base Current (Ibi) . 

Turn-OfO DC Base Current (Ib2) . 

Switching Time: 

Delay time (td) . 

Rise time (tr) ."... ..,*. 

Storage time (ta) . 

Fall time (tf) .. 


12 

volts 

-8.5 

volts 

50 

ohms 

200 

ma 

20 

ma 

-8.5 

ma 

0.2 

fisec 

1 

fisec 

0.6 

fisec 

1 

fisec 
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POWER TRANSISTOR 


Silicon n-p-n type used in a 
wide varie ty of intermediate-power 
Alkll AOQ switching and amplifìer applications f I \ 

I H'OO in industriai and military equipment. vj® 

It is used in power switching, dc-to- E V J c 
de converter, inverter, chopper, sole- ^ ^ 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifìer 
circuits; and as a class A or class B push-pull audio and servo amplifìer. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-8 package; outline 8, Outlines Secton. This type is identical with type 
2N1486 except for thè following: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) „.., „... .„... a „ 0 c 60 max volts 

Collector-to-Emitter Voltage : 

With emitter-to-base volts = 1.5 ... 60 max volts 

With base open ... ................ 40 max volts 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.25) .. 60 min volts 

Collector-to-Emitter Sustaining Voltage (with collector 
ma = 100 and base current = 0) .. e - 40 min volts 


In Common-Emifter Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 4 and collector ma = 750) .. 20 to 60 

DC Collector-to-Emitter Saturation Resistance (with collector 

ma = 750 and base ma = 75) .,.. 2.67 max ohms 


POWER TRANSISTOR 


2N1484 


Silicon n-p-n type used in a 
wide variety of intermediate-power 
switching and amplifìer applications 
in industriai and military equipment. 
It is used in power switching, dc-to- 
dc converter, inverter, chopper, sole- 



noid and relay control circuits; in oscillator, regulator, and pulse-amplifìer 


circuits; and as a class A or class B push-pull audio and servo amplifìer. It 


features low saturation resistance, high current and power dissipation, high 


beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-8 package; outline 8, Outlines Section. This type is identical with type 
2N1486 except for thè following: 


CHARACTERISTICS 

In Common-Emifter Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 4 and collector ma = 750) . 20 to 60 

DC Collector-to-Emitter Saturation Resistance (with collector 

ma = 750 and base ma = 75) .. 2.67 max ohms 
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POWER TRANSISTOR 


_ Silicon n-p-n type used in a 

wide variety of intermediate-power 
f I \ switching and amplifìer applications OKIT^fiC 

©hjr in industriai and military equipment. £I Hr03 

£ V J ° It is used in power switching, dc-to- 
^^ de converter, inverter, chopper, sole- 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifìer 
circuits; and as a class A or class B push-pull audio and servo amplifìer. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. JEDEC 
No. TO-8 package; outline 8, Outlines Section. This type is identical with type 
2N1486 except for thè following: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) ................. 60 max volts 

Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 60 max volts 

With base open . 40 max volts 

CHARACTERISTICS 

Cóllector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.25) . 60 min volts 

Collector-to-Emitter Sustaining Voltage (with collector 

ma = 100 and base current = 0) . 40 min volts 


POWER TRANSISTOR 



Silicon n-p-n type used in a 
wide variety of intermediate-power 
switching and amplifìer applications 
in industriai and military equipment. 
It is used in power switching, dc-to- 
dc converter, inverter, chopper, sole- 


2N1486 


noid and relay control circuits; in oscillator, regulator, and pulse-amplifìer 


circuits; and as a class A or class B push-pull audio and servo amplifìer. It 


feaures low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance, JEDEC 
No. TO-8 package; outline 8, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5. 

With base open . 

Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Emitter Current .’. 

Base Current . 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At case temperatures above 25°C. 

Temperature Range: 

Operating (junction) and Storage .... 


100 max volts 

100 max volts 
55 max volts 
12 max volts 
3 maxamperes 
—3.5 maxamperes 
1.5 maxamperes 

25 max watts 
See curve page 80 

-65 to 200 °C 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 
volts = 1.5 and collector ma = 0.25) 

Collector-to-Emitter Sustaining Voltage (with collector. 

ma = 100 and base current = 0) . 

Base-to-Emitter Voltage (with collector-to-emitter volts = 4 

and collector ma = 750) . 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volts = 12 and*‘ 
collector current = 0) . 


100 min volts 

55 min volts 

3.5 max volts 

15 max /ia 

15 max ju,a 
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Thermal Resistance: 

Junction-to-case . 7 max °C/watt 

Junction-to-ambient . 100 max °C/watt 

Thermal Time Constant . 10 msec 

In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 28 and collector ma — 5) .... 1.25 Me 

Collector-to-Base Capacitance (with collector-to-base 
volts — 40 and emitter current = 0) . 175 pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 4 and collector ma = 750) . 35 to 100 

Collector-to-Emitter Saturation Resistance (with collector 

ma = 750 and base ma = 40) . 1 max ohm 


TYPICAL BASE CHARACTERISTICS 



0 0.5 I 1.5 2 2.5 3 

BASE-TO-EMITTER VOLTS 

9ZCS-I0443T3 



Vbb = 8.5 volts 
Vcc = 12 volts 
Ri = 50 ohms, 1 watt 
R 2 = 220 ohms, 1 watt 
R 3 — 15.9 ohms, 2 watts 


TYPICAL 0PERATI0N IN POWER-SWITGHING CIRCUIT AB0VE 


DC Collector Supply Voltage (Vcc) . 12 volts 

DC Base Supply Voltage (Vbb) . —8.5 volts 

Generator Resistance . 50 ohms 

On DC Collector Current (le) . 750 ma 

Turn-On DC Base Current (Ibi) . €5 ma 

Turn-Off DC Base Current (Ibs) . —35 ma 

Switching Time: 

Delay time (ta) . 0.2 /isec 

Rise time (tr) . 1 n sec 

Storage time (t 8 ) . 0.8 jtisec 

Fall time (tf) . 1.1 /isec 


TYPICAL COLLECTOR CHARACTERISTICS 
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POWER TRANSISTOR 


Silicon n-p-n type used in a 

--wide variety of high-power switch- 

f r~\ y } ing and amplifier applications in in- O SVI "V AQ7 

J dustrial and military equipment. lt I ^10# 

iQ (_)b is used in power switching, dc-to-dc 

converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 
to JEDEC No. TO-3; outline 23, Outlines Section. This type is identical with 
type 2N1490 except for thè following: 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emìtter Voltage: 

With emitter-to-base volts = 1.5 . 

With base open . 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.5) .... 60 min volts 

Collector-to-Emitter Sustaining Voltage (with collector ma = 10Ò 

and base current = 0 ) . 40 min volts 


In Common-Emitter Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

a 4 and collector amperes = 1.5) . 15 to 45 

DC Collector-to-Emitter Saturation Resistance (with collector * 
amperes = 1.5 and base ma = 300) . 2 max ohms 


POWER TRANSISTOR 

^ Silicon n-p-n type used in a 
\ wide variety of high-power switch- 
( [ ~V / ] ^d amplifier applications in in- filili yflOO 

^ y dustrial and military equipment. It *IM I 
e O (J0 is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifìer circuits* 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
a ^_ exce dent high-temperature performance. Package is similar 
to JEDEC No. TO-3; outlme 23, Outlines Section. This type is identical with 
type 2N1490 except for thè following: 


CHARACTERISTICS 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 


«ahV r j n . 1 -i.avLu (wiuj cunecTor-io-emitter 

T^°ì ts « = 4 and collector amperes = 1 . 5 ) . 

DC Collector-to-Emitter Saturation Resistance ' (with collector' " 45 

amperes = 1.5 and base ma = 300) conector 

. 2 max ohms 
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POWER TRANSISTOR 


Silicon n-p-n type used in a 
wide variety of high-power switch- ^^^ 
OKII1 / ] PQ i n § amplifìer applications in in- f r-v A 

XINIIHpOT dustrial and military equipment. It J 

is used in power switching, dc-to-dc eQ Qb 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifìer. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 
to JEDEC No. TO-3; outline 23, Outlines Section. This type is identical with 
type 2N1490 except for thè following: 


MAXIMUM RAT1NGS 


Collector-to-Base Voltage (with emitter open) .............. 60 max volts 

Collector-to -Emitter Voltage : 

With emitter-to-base volts = 1.5 . 60 max volts 

With base open . 40 max volts 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.5) . 60 min volts 

Collector-to-Emitter Sustaìning Voltage (with collector ma = 100 

and base current = 0) .» 40 min volts 


POWER TRANSISTOR 


2N1490 


Silicon n-p-n type used in a 
wide variety of high-power switch¬ 
ing and amplifìer applications in in¬ 
dustriai and military equipment. It 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 



and relay control circuits; in oscillator, regulator, and pulse-amplifìer circuits; 


and as a class A or class B push-pull audio and servo amplifìer. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 


to JEDEC No. TO-3; outline 23, Outlines Section. 

MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage; 

With emitter-to-base volts = 1.5 . 

With base open . 

Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Emitter Current . 

Base Current . 

Transistor Dissipation; 

At mounting-fìange temperatures up to 25°C . 

At mounting-flange temperatures above 23°C 
Temperature Range: 

Operating (junction) and Storage . 


100 max volts 

100 max volts 
55 max volts 
10 max volts 
6 maxamperes 
—8 max amperes 
3 maxamperes 

75 max watts 
See curve page 80 

—65 to 200 °C 


CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0,5) . 100 min volts 

Collector-to-Emitter Sustaining Voltage (with collector ma = 100 

and base current = 0) . 55 min volts 

Base-to-Emitter Voltage (with collector-to-emitter volts = 4 

and collector amperes = 1.5) . 3.5 max volts 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current = 0) . 25 max fia 

Emitter-CutofE Current (with emitter-to-base volts = 10 and 

collector current = 0) . 25 max fia. 

Thermal Resistance: 

Junction-to-mounting-flange .. 2.33 max °C/watt 

Thermal Time Constant ... 12 msec 
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In Common-Base Circuì? 

Small-Sìgnal Forward-Current-Transfer-Ratio Cutofì Frequency 

( with collector-to-base volts = 12 and collector ma = 100) 1 

Collector-to-Base Capacitance (with collector-to-base volts = 40 
and emitter current = 0) ..... 200 


Me 

Pf 


In Common-Emìtter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 4 and collector amperes = 1.5) . . 25 to 75 

Collector-to-Emitter Saturation Resistance (with collector 
amperes = 1.5 and base ma = 300) .. 0.67 max ohm 


TYPICAL BASE CHARACTERISTICS 





i ? 

/ TYPE 2NI490 ‘ 
i COMMON-EMITTER 




j 

- CIRCUIT, BASE INPUT.- 
COLLECTOR-TO-EMITTER 
VOLTS =4 

150 



! 

11 

CURVE 

MOUNTING- 
FLANGE 
TEMP. -°C 




ni 

i 

— 

25 

-65 

50 


-Li 

il — 

h 

/ 





th 

i 




0 0.5 I 1.5 2 

BASE-TO-EMITTER VOLTS 

92CS-1045IT8 



TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE 


DC Collector Supply Voltage (Vco) 
DC Base Supply Voltage (Vbb) ... 
Generator Resistance . 


On DC Collector Current (I c ) 
Turn-On DC Base Current (Ibi) 
Turn-Off DC Base Current (Ib 2 ) 
Switching Time; 

Delay time (tu) ..... 

Rise time (tr) .... 

Storage time (t 8 ) . 

Fall time (tf ) ...... . [ 



12 
—8.5 
50 
1.5 
300 
—150 

0.2 

1 

1 

1.2 


volts 

volts 

ohms 

ma 

ma 

ma 

jasec 

ysec 

/isec 

jusec 



COLLECTOR-TO-EMITTER VOLTS 


92.CM—I0477T 
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TRANSISTOR 

Silicon n-p-n type used in a (p 8 

wide variety of high-frequency and ^ -v. 

vhf applications in industriai and f I \ 

ZINI IH/ I military equipment. It is used in (D -- ©/ V7© 

large-signal power-amplifìer, video- E V J c 
amplifier, oscillator, and mixer cir- ^ ^ 

cuits over a wide temperature range. This type can also be used in switchìng 
Service in circuits requiring transistors having high voltage, current, and dissi- 
pation values. JEDEC No. TO-39 package; outline 32, Outlines Section. This 
type is identical with type 2N1493 except for thè following items: 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with emitter-to-base volts = 0.5) 
Emitter-to-Base Voltage (with collector open) . 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 
and emitter current = 0) . 


30 max volts 

30 max volts 

1 max volt 


30 min volts 


In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = 30 and collector ma = 15) .... 

In Common-Emitter Circuit 


Power Gain at 70 Me (with collector-to-base volts = 20, 
emitter ma — —15, and power output — 10 mw) . 


TRANSISTOR 

( 2 ) B 

Silicon n-p-n type used in a 
wide variety of high-frequency and "X 

O BSvI T >11OO vhf applications in industriai and ^ f j e \ r\ 

+* i^a I Jm military equipment. It is used in y N' c 

large-signal power-amplifier, video- 
amplifier, oscillator, and mixer cir¬ 
cuits over a wide temperature range. This type can also be used in switching 
Service in circuits requiring transistors having high voltage, current, and dissi- 
pation values. JEDEC No. TO-39 package; outline 32, Outlines Section. This 
type is identical with type 2N1493 except for thè following items: 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 60 max volts 

Collector-to-Emitter Voltage (with emitter-to-base volts = 0.5) 60 max volts 

Emitter-to-Base Voltage (with collector open) . 2 max volts 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 
and emitter current = 0) . 


60 min volts 


In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = 30 and collector ma — 15) .... 


275 Me 


In Common-Emitter Circuit 

Power Gain at 70 Me (with collector-to-base volts =r 30, 
emitter ma ~ —15, and power output — 100 mw) . 
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TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of high-frequency and 
vhf applications in industriai and 
military equipment. It is used in 
large-signal power-amplifìer, video- 
amplifier, oscillator, and mixer cir- 


2N1493 


cuits over a wide temperature range. This type can also be used in switching 


Service in circuits requiring transistors having high voltage, current, and dissi- 


pation values. JEDEC No. TO-39 package; outline 32, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 100 max volte 

Collector-to-Emitter Voltage (with emitter-to-base volts = Ò.5) 100 max volts 

®o; to a^ OItaBe (with collector open) .. 

Emitter Current .© ! ! ! ! ! !'. ’ ! !. —50 max ma 

Transistor Dissipation: 50 max ma 

At case temperatures up to 25°C . q watt , 

At ambient temperatures up to 25°C ." 0 5 max ^?att 

At case or ambient temperatures above 25°C . See curve naee SO 

Temperature Range: . p s ov 

J Operating (junction) and Storage . _65 to 175 °C 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current — 0) . innmir» 

Emitter-Cutoff Current (with emitter-to-base volts = 05 

and collector current = 0) . lOOmaTr 

Collector-Cutoff Current (with collector-to-base volts — 12. ^ 

and emitter current = 0) . 10 max 

Thermal Resistance: . 10 max 

Junction-to -case . 50max»C/watt 


In Common-Base Circuit 

Smail-Signa 1 Forward-Current-Transfer-Ratio Cutoff Frequency 

(with rnllf'f'tnr.tn.Koc.o — on-j__ 


—-—7 —o--— , ; vuiicih-h- xvet liu rrequencv 

with collector-to-base volts = 30 and collector ma = 15) 300 Me 

CoUector-to-Base-and-Stem Capacitance (with collector-to-base 
volts = 30 and emitter current = 0) ... . 5 max pf 


In Common-Emitter Circuit 


® m £?Ìl Slgna l Forw a rd Current-Transfer Ratio: 

With collector-to-emitter volts = 20, collector ma = 15. 

and frequency = 1 kilocycle . <r 0 

With collector-to-emitter volts = 30, collector ma ’=’Ì5. 

and frequency = 100 Me . 1 o 

Power Gain at 70 Me: . 13 

With collector-to-base volts — 20, emitter ma = —15 

and P° wer output — 10 mw . ’ 

With collector-to-base volts = 30, emitter ma ’= —15. 

and power output = 100 mw . ’ Ifi Hh 

With collector-to-base volts = 50, emitter ma ’= —25. 

and power output = 500 mw . 12 dt) 




BASE MILLIAMPERES 92CS-I05I9T 
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TYPICAL COLLECTOR CHARACTERISTICS 



0 èO 20 30 40 50 60 


COLLECTOR-TQ-EMITTER VOLTS S2CM-I0507T 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of high-power switch- f \\ 

OKI! 1 ing anc ^ am pHfi er applications in in- fsVA J 
I M ; 3 I I dustrial and military equipment. It i ™ J 

is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud- 
mounted to provide positive heat-sink contact and has a cold-weld seal. 
JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1487. 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of high-power switch- f V\ 

O M Il ^ ing am pliher applications in in- fsVA V P 
Jm IN II □ Il A dustrial and military equipment. It c\ J 

is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid ^ 8 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud- 
mounted to provide positive heat-sink contact and has a cold-weld seal, 
JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1488. 
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POWER TRANSISTOR 


Silicon n-p-n type used in a 
wide variety of high-power switch¬ 
ing and amplifier applications in in¬ 
dustriai and military equipment. It 


2N1513 


is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud- 
mounted to provide positive heat-sink contact and has a cold-weld seal. 
JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1489. 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
f V\ wide variety of high-power switch- 
Er\ V / i n S an< ^ am Plifi er applications in in- r\ ■x ■ | r * M 
I ^ J dustrial and military equipment. It ** INI I D I T 1 
is used in power switching, dc-to-dc 
LJ ^ B converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud- 
mounted to provide positive heat-sink contact and has a cold-weld seal. 
JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1490. 



TRANSISTOR 

Germanium p-n-p type used in 
intermediate-frequency amplifier ap¬ 
plications in battery-operated AM 
portable radio receivers. JEDEC No. 
TO-1 package; outline 4, Outlines 
Section. 


2N1524 


MAXIMUM RATINGS 


Voltage (with emitter open) 

Emitter-to-Base Voltage (with collector open) 

Collector Current . . 

. —24 max 

. —0.5 max 

volts 

volt 

Emitter Current ..... . 



Transistor Dissipation: . 

At ambient temperatures up to 25°C 


ma 

At ambient temperature of 55°C . 


m w 

At ambient temperature of 71°C 



Ambient-Temperature Range : 

Operating and Storage . 

fn 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with emitter-to-base 
volts = —0.5 and collector uà = —50) 

Collector-Cutoff Current (with collector-to-base volts — _12 

and emitter current = 0) 

—24 min 

' 16 mdx 

volts 

Emitter-Cutoff Current (with emitter-to-base volts — —Ó 5 * * 
and collector current = 0) 


fia 

Thermal Resistance : . 

Junctìon-to-ambient . 

—16 mfix 

0.4 

fia 

°C/mw 
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In Common-Base Circuit 


Collector-to-Base Capacitance (with collector-to-base volts 

= —12, emitter current = 0, and frequency = 455 kilocycles) 3.6 max pf 

Small-Signal Forward-Current-Transfer-Ratio CutofE Frequency 
(with collector-to-base volts = —12, collector ma — —1, 

and frequency — 1 kilocycle) ... 33 Me 


TYPICAL TRANSFER CHARACTERISTIC 



BASE-T0-EM1TTER MILUVOLTS 

92CS-I0679T 


In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts -- —6, collector ma — 1, and frequency = 1 

kilocycle) . 17 min 

Power Gain (with collector-to-emitter volts = —5.7, emitter 

ma = 1, and frequency = 1 kilocycle) . 51 max db 


TYPICAL OPERATION IN SINGLE-STAGE 455-KC AMPLIFIER CIRCUIT 


DC Collector-Supply Voltage . . 
DC Collector-to-Emitter Voltage 

Collector Current . 

Input Resistance . 

Output Resistance . 

Collector-to-Base Capacitance . 

Maximum Power Gain. 

Useful Power Gain: 

In neutralized Circuit . 

In unneutralized Circuit . 


-6 

—9 

-12 

volts 

-5.7 

—8.5 

-11 

volts 

—1 

—1 

—1 

ma 

1300 

1350 

1550 

ohms 

0.31 

0.415 

0-525 

megohm 

2.2 

2.1 

2 

Pf 

51 

52.4 

54.4 

db 

33 

33 

33 

db 

29.7 

30 

30.2 

db 


TYPICAL OPERATION IN TWO-STAGE 455-KC AMPLIFIER CIRCUIT 


DC Collector-Supply Voltage . 
DC Collector-to-Emitter 

-6 

-6 

Voltage . 

-5.7 

-57 

Collector Current . 

—1 

—0.65 

Input Resistance . 

1300 

2100 

Output Resistance . .. . 

0.31 

0.49 

Collector-to-Base Capacitance 

2.2 

2.2 

Maximum Power Gain . 

Useful Power Gain; 

50.9 

51.3 

In neutralized Circuit . 

31.2 

30 

In unneutralized Circuit ... 

28.1 

26.6 


-9 

-9 

—12 

—12 

volts 

-8.5 

—8.5 

-11 

—11 

volts 

—1 

—0.65 

—1 

-0.65 

ma 

1350 

2200 

1550 

2500 

ohms 

0.415 

0.65 

0-525 

0.82 

megohm 

2.1 

2.1 

2 

2 

Pf 

52.4 

52.8 

54 

54.3 

db 

31.2 

30 

31.2 

30 

db 

28.2 

26.7 

28.3 

26-8 

db 


TRANSISTOR 


2N1525 


Germanium p-n-p type used in 
intermediate-frequency amplifìer ap- 
plications in battery-operated AM 
portable radio receivers. JEDEC No. 
TO-40 package; outline 15, Outlines 
Section. This type is electrically 


identical with type 2N1524. 
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TRANSISTOR 


| Germanium p-n-p type usèd in ' V / 

converter (mixer-oscillator) appli- ■ ../ 

f ■ , ^ \ cations in battery-operated portable Ohlll EQ41 

G>4s/ \yj~® radio receivers. In a common-emitter aIiIWO;, 

E V J c circuit, this type is capable of pro- 

-^ viding a useful conversion power 

gain of 34.5 db. JEDÈC No. TO-1 package; outline 4, Outlines Section, This 
type is identical with type 2N1524 except for thè following items: 

■CHARACTER1STICS 

In CommonrEmitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 

to-emitter vòlts = 5.7, emitter ma = .1, and. frequency = 1 ^ 

,. kilocycle) ......... 130 : 

Power Gain (with colléctOr-to-emitter vòlts — — 5, emitter 

ma = 0.65, and frequency = 1.5 Me) .. 44.2 db 


DC Collector-Supply Voltage .... _ 
DC Collector-to-Emitter Voltage 


Input Resistance .... 

Output Resistance . .. 

RMS Base-to-Emitter Oscillàtor-Injection Voltage 
Conversion Power Gain:. 

Maximum available ...... 


- 5, emitter 


130 / 

44.2 

db 

MC CONVERTER 

-6 -9 

CIRCUIT 

—12 

volts 

-5 

—8 

-11 

volts 

-0.65 - 

-.0:65 

—0.65 

• ' ma 

1850 

1950 

2150 

ohms 

0.19 

0.28 

0-48 

megohm 

100 

100 

100 

mv 

44.2 

46,1 

48.9 

db 

34.2 

34.5 

35.8 

db 



TRANSISTOR 

Germanium p-n-p fypé used in 
còiivèrter (mixer-oscillator) appìì- 
catiohs in batteiy-operated AM 
portable ràdio receivers. This type 
is electrically identical with ; type 
2N1526. 


2N1527 


TRANSISTOR 


Germanium n-p-n type used in 
medium-speed switching applica- 
e f \ c tions in data-processing equipment. 

(jy-Ljf \ V _0 These transistors ate’tì-p-n éomple- 
V . J ments òf thè p-n-p types 2N404: and 
2N404A. JEDEC No. TO-5 package; 
outline 6 , Outlines Section. 


2N1605 

2N1605A 


^MAXIMUM RATINGS 

,Collector-to-Rase Voltage (with emitter open) . 
Collector-to-Emitter Voltage (with base-tó- 

- emitter.. volts = * —1) ". . .:........... .. 

Emitter-tó-Bàsé Voltage (with collector operi )'“. 

Collector Current . 

Emitter Current . 

Transistor Dissipation: 

.... At ambient temperatures up to 25°C .. 

.At ambient'temperatures above 25°C 

lAmbient Temperature Range: ., 

Òperatirig and Storage .' . '. . ... . .. 

•Lead Temperature (for 10 secoqds maxiqiUXrii, . 


2N16Ó5À. .r : " : 
25 max 40 rqax ; : ' yolts 

r .n.,,.,24 max : . ... 40max . volts 
12 rriàx 12 max volts 

100 max . .. 1,00 max ma 
—100 max ! —100 max ^iria 

.. \ . * ; 150 max 200 max w -mw 

, . See curve page .80 ; 

—65 to ioo . : ^65tò ìiio ' 

t 235 niaji; . J235 max' .... y fC 
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In Comman-Base Circuit 

Collector-to-Base Capacitane* (with eollector- 2N1605 2N1B0SA 

Tm and eollector current = 0) 20 max 20 max nf 

Forward-Current-Transfer-Hatio Cutoff ^ umax -J 0 max pf 

Frequency (with collector-to-base volts 

_ 6 and emitter current = 1 >. 4min 4min Me 


Un Commnn-Emitter Circuit 

Forward Current-Transfer Katio: 

With collector-to-emitter volts = 0.15 and 

With collec tor - to -emitter ' volts =' 0.2 ' and ' ’ * ° 30 50 min 

With coìlector-to-emitter volte' = 0.25 and' * ‘ ° 2424 

eollector ma = 20 ...... 40min 40min 


TRANSISTOR 


Silicon n-p-n type used in a 

Wide variety of small-signal and --- 

2N1A1'! medium-power applications in in- f 

dustrial and military equipment. It 0~Lf \À~Q 
can be used in rf Service as an am- E V J ^ 

plifier, mixer, oscillato!*, and con- ^- ' 

verter; in af Service for small- and large-signal driver and power applications; 
m switchmg Service for high-speed switching circuits requiring transistors 
havmg high voltage, high dissipation, high pulse beta, low output capacitale, 
and exceptionally low noise and ieakage characteristics. JEDEC No. TO-5 pack¬ 
age; outline 6, Outlines Section, For curve of typical transfer characteristics, 
refer to type 2N2102. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . „ e 75 max volte 

u ^l 1 ® 8 ? (wlth extemll base-to-emitter 75 max volts 

resistali ce = 10 ohms or lessi __„ 

(with open) “te 

Transistor Dissipation:. 1 max ampere 

At case temperatures up to 25°C . 3 max watt* 

At amhient temperatures up to 25°C ." QJiSlx ^att 

Temperatane" R^eT* teBape " tur “ ab0Ve ^ . See’ curve pa*80 

< 3unctlon > . —65 to 200 ”C 

Lead Temperature (for 10 seconds maximum) ./.!!!!*!! 255 max °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

(with eollector ma = 0.1 and emitter current = 0) . eo 75 min volts 

Emitter-to-Base Breakdown Voltage Iun vons 

(with emitter ma — 0.25 and eollector current = 0) . 7 min volte 

Coìlector-to-Emitter Reach-Through Voltage VO 13 

(with emitter-to-base volte = 1.5 and eollector ma = 0.1) .... 75 min volte 


Technical Data 


229 


Collector-to-Emitter Sustaining Voltage (with extemal base- 

to-emitter resistance = 10 ohms or less and eollector ma = 100) 50 min volts 

Base-to-Emitter Saturation Voltage 

(with eollector ma = 150 and base ma — 15) .... 1.3 max volts 

Collector-to-Emitter Saturation Voltage 

(with eollector ma = 150 and base ma = 15) .. „ 1.5 max volte 

Collector-Cutoff Current (with collector-to-base volte = 60 

and emitter current = 0) .. 0 0.01 max ti& 

Emitter-Cutoff Current (with emitter-to-base volte = 5 

and eollector current — 0) ...» « 0.01 max fia 

Thermal Resistance: 

Junction-to-case ...... 0 0 58-3 max °C/watt 

Junction to ambient ..... * „ 0 219 max °C/watt 


In Common-Bctse Circuit 


Input Resistance at 1 kilocycle: 

With collector-to-base volte = 5 and eollector ma = 1 ..... 24 to 34 ohms 

With collector-to-base volte = 10 and eollector ma = 5 ..... 4 to 8 ohms 

Input Capacitance (with emitter-to-base volts = 0.5 

and eollector current = 0) .. 80 max pf 

Output Capacitance (with collector-to-base volts = 10 

and emitter current = 0) . 25 max pf 

Output Conductance at 1 kilocycle: 

With collector-to-base volts = 5 and eollector ma = 1 . 0.1 to 0.5 /unho 

With collector-to-base volte = 10 and eollector ma = 5 . 0.1 to 1 jumho 

Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at 
1 kilocycle: 

With collector-to-base volte — 5 and eollector ma = 1 _ 0.0003 max 

With collector-to-base volte = 10 and eollector ma = 5 ...... 0.0003 max 


In Ccmmon-£mftf&tr Circuit 


BC-PuIse Forward Current-Transfer Ratio:* 

With collector-to-emitter volte — 10 and eollector ma = 150 .. 40 to 120 

With collector-to-emitter volte = 10 and eollector ma = 500 .. 20 min 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volte — 10 and eollector ma = 0.1 .. 20 min 

With collector-to-emitter volts = 10 and eollector ma = 10 .. 35 min 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volte = 5, eollector ma = 1, 

and frequency = 1 kilocycle . 30 to 100 

With collector-to-emitter volte = 10, eollector ma = 5, 

and frequency = 1 kilocycle .. 35 to 150 

With collector-to-emitter volte = 10, eollector ma = 50. 

and frequency = 20 Me . 3 min 

Noise Figure (with collector-to-emitter volts = 10, eollector ma 
— 0.3, generator resistance = 1000 ohms, Circuit bandwidth 

= 15 kilocycles, and signal frequency = 1 kilocycle) .. 12 max db 

Total Switchmg Timef (delay time plus rise time plus fall Urne) 30 max nsec 


* Pulse duration = 300 *tsec; duty factor = 0.018. 

t Refer to type 2N21G2 for Total-Switching-Time Measurement Circuit, 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 

92CS-III78T 
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COLLECTOR^TQ-EMITTER VOLTS 92CM-III83T 


TRANSISTOR 


2N1631 


Germanium p-n-p type used in 
radio-frequency amplifièr applica¬ 
tion in battery^operated AM port- 
able radio receivers. In an unneu- 
tralized rf amplifièr circuit, this type 



can prò vide a power gain of 25.6 db 

at 1.5 megacycles. JEDEC Nò. TO-40 package; outline 15, Outlines Section. 


MAXIMUM RÀTÌNGS 


Collector-tò-Base Voltage (with emitter open) . ' —34 max volts 

Emitter-to-Base Voltage (with collector operi) . —0-5 max volt 

Cpllector Current ................ —10 max ma 

Emitter Cimrent . 10 max ma 

Transistor Dis'sipation : . v ; 

At ambient temperatures up to 25°C . 80 max mw 

At ambient temperature of 55°C 50 max mw 

At ambient temperature of 71 °C . 35 max mw 

Ambient-Temperattìre- Rarige: • ' • • 

Operating . —65 to 71 °C 

Storage . —65 to 85 °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector (ia = —50 

and emitter current — 0) . . :.i. . —34 min volts 

Collector-CutofT Current . (with collector-to-bàse volts = —12 

and emitter current =■ 0) . —16 max fia 

Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current =: 0) —16 max jia 

Thermal Resistance: 

Junction-to-ambient .;... 0.4 max °C/mw 


In Common-Base Circuit 


Small-Signal Forward Current-Transfer Ratio (with collector- 
to-base volts = —12. collector ma = —1, and frequency 

= 1 kilocycle) . 0.987 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = —12 and collector ma = —1) .. 45 Me 


In Common-Emitter Circuit 


DC Forward Current-Transfer Ratio ;( with collector-to-emitter 
volts = —12, collector ma = —1, and frequency = 1 kilocycle) 


80 
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typical transfer characteristic 



BASE-TO-EMITTER MILUVOLTS 

92CS-I0678T 


TYPICAL OPERATION 

DC Collector-Supply Voltage . 

-6 

-9 

-12 

volts 

DC Collector-to-Emitter Voltage . 

-5.7 

-8.5 

-11 

volts 

DC Collector Current . 

—1 

—1 

-1 

ma 

Signal Frequency . 

1.5 

1.5 

1.5 

Me 

Input Resistance (with ac output circuit shortedl . 

520 

750 

1000 

ohms 

Output Resistance (with ac input circuit shorted) . 

0.065 

0.11 

0.18 

megohm 

Extrinsic Transconductance . 

36000 

36000 

36000 

/imhos 

Collector-to-Base Capacitance. 

2.2 

2.1 

2 

Pf 

Maximum Power Gain . 

40.4 

44.3 

47.7 

db 

Useful Power Gain: 

In unneutralized circuit . 

25.3 

25.5 

25.6 

db 


TRANSISTOR 



Germanium p-n-p type used in 
radio-frequency amplifièr applica- 
tions in battery-operated AM port- 
able radio receivers. In an unneu- 
tralized rf amplifièr circuit, this type 
can provide a power gain of 25.6 db 


2N1632 


at 1.5 megacycles. JEDEC No. TO-1 package; outline 4, Outlines Section. This 


type is electrically identical with type 2N1631. 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1633 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1634 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1635 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


2N1636 
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TRANSISTOR 


Germanium p-n-p type used in v 

radio-frequency amplifier applica- 
0 IVI 1 AQ 7 tions in AM automobile radio re- / 
XbX lOO/ ceivers. In an unneutralized circuit, O - K/ 
this type is capable of providing a E V 
useful power gain of 25.6 db at 1 Ns ^~ 

megacycle. JEDEC No. TO-1 package; outline 4, Outlines Section. 

MAXIMUM RATINGS 

CoIIector-to-Base Voltage (with emitter open) . —34 

Emitter-to-Base Voltage (with collector open) . —1.5 

Collector Current . —10 

Emitter Current . 10 

Transistor Dissipation : 

At ambient temperatures up to 25°C . 80 

At ambient temperature of 55°C . 50 

At ambient temperature of 71°C . 35 

Ambient-Temperature Range: 

Òperating . —65 to 71 

Storage . —65 to 85 

CHARACTERISTICS 

ColIector-to-Base Breakdown Voltage 

(with collector /*a = —50 and emitter current = 0) .. —34 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current — 0) . —5 

Emitter-Cutoff Current (with emitter-to-base volts = —1.5 

and collector current = 0) —15 

Thermal Resistance: 

Junction-to-ambient . 0.4 


—34 max 
-1.5 max 
—10 max 
10 max 


In Common-Base Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
base volts = —12, collector ma = —1, and frequency 
= 1 kilocycle) . 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = —12 and collector ma = —1) .. 

Collector-to-Base Capacitance . 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —12 and collector ma = —1) . 


TYPICAL TRANSFER CHARACTERISTIC 



0 50 100 150 200 250 

BASE-TO-EMITTER MILLIVOLTS 

92CS-I0556TI 


TYPICAL 0PERATI0N 

DC Collector-to-Emitter Voltage . 

DC Collector Current . 

Signal Frequency ...■ ■ 

Input Resistance (with ac output circuit shorted) 
Output Resistance (with ac input circuit shorted) 

Maximum Power Gain . 

Maximum Useful Power Gain: 

In unneutralized circuit ... 


- 5.5 

—11.2 

volts 

-1 

-1 

ma 

1.5 

1.5 

Me 

520 

1000 

ohms 

0.065 

0-18 

megohm 

40.4 

47.7 

db 

25.3 

25-6 

db 
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TRANSISTOR 

Germanium p-n-p type used in 
262.5-kilocycle or 455-kilocycle in¬ 
termediate-frequency amplifier ap- 
plications in AM automobile radio 
receivers. In an unneutralized cir¬ 
cuit, this type is capable of provid- 


2N1638 


ing a useful power gain of 36.6 db at 262.5 kilocycles. JEDEC No. TO-1 package; 


outline 4, Outlines Section. This type is identical with type 2N1637 except for 


thè following: 


MAXIMUM RATINGS 


Emitter-to-Base Voltage (with collector open) .. —0.5 max volt 

CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0 ) . _7 max ast 

Emitter-Cutoff Current (with emitter-to-base volts = — (h5 

and collector current — 0) —8 max /ia 

In Common-Base Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
base volts = —12, collector ma = —1, and frequency 

= 1 kilocycle) .; 0.986 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 12 and collector ma = —1) .. 40 Me 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —12 and collector ma = —1) . 


TYPICAL 0PERATI0N IN SINGLE-STAGE 262.5-KC AMPLIFIER CIRCUIT 


DC Collector-to-Emitter Voltage 

DC Collector Current . 

Input Resistance . 

Output Resistance . 

Maximum Power Gain. 

Useful Power Gain: 

In unneutralized circuit . 


-5 

—11 

volts 

-16 

—2 

ma 

1800 

1400 

ohms 

0.47 

0.72 

megohm 

58.6 

61.5 

db 

35 

36.6 

db 



TRANSISTOR 

Germanium p-n-p type used in 
converter (mixer-oscillator) appli- 
cations in AM automobile radio re¬ 
ceivers. In an unneutralized circuit, 
this type can prò vide a useful con- 
version power gain of 37 db at 1.5 


2N1639 


megacycles. JEDEC No. TO-1 package; outline 4, Outlines Section. This type 
is identical with type 2N1637 except for thè following items: 


MAXIMUM RATINGS 

Emitter-to-Base Voltage (with collector open) 

CHARACTERISTICS 

Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volts '= —0 5 ’ 
and collector current = 0) . 


—0.5 max volt. 


In Common-Base Circuit 
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In Common-Emifter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —12 and collector ma = —1) . 


TYPICAL OPERATION 

DC Collector-to-Emitter Voltage . 

DC Collector Current . 

Signal Frequency . 

Input Resistance . 

Output Resistance at 252.5 kilocycles . 

RMS Base-to-Emitter Oscillator-Injection Voltage 
Useful Conversion Power Gain . 


-5 

-11 

volts 

-0.65 

—0.65 

ma 

1.5 

1.5 

Me 

1850 

2200 

ohms 

0.1 

0.2 

megohm 

100 

100 

mv 

35.4 

37 

db 


2N1683 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed switching applications in 
data-processing equipment. JEDEC 
No. TO-5 package; outline 6, Out- 
lines Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 

Collector-to-Emitter Voltage (with base open) . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current .. 

Emitter Current . 

Transistor Dissipation: 

At ambient temperatures up to 25 q C . 

At ambient temperatures above 25°C . 

Ambient-Temperature Range : 

Operating and Storage ... ; ...■' 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —40 and base 

Coììector-Cutoff Current (with collector volts = —6 

and emitter current = 0) . 

Tòtal Stored Charge: 

With collector ma = —10 and base ma = —0.4 . 

With collector ma = —40 and base ma = — l t>. 

In Common-Base Circuit 

Collector Capacitance (with collector-to-base volts = —0 
and emitter current = 0) .. 


—13 max volts 

—12 max volts 

—4 max volts 

—100 max ma 

100 max ma 

150 max mw 

See curve page 80 

—65 to 85 °C 

255 max C 


160 max pcoul 
410 max pcoul 


In Common-Emitfer Circuit 


Forward Current-Transfer Ratio: _ 

With collector-to-emitter volts = —0.3 and collector ma _ 10 
With colector-to-emitter volts = —0.5 and collector ma^_^ 40 
Gain-Bandwidth Product (with collector-to-emitter volts _ 3 

and collector ma — —10) . 


2N1700 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of switching and ampli - 
fìer applications in industriai equip¬ 
ment. It is used in power switching, 
dc-to-dc converter, inverter, chop¬ 
per, and relay-control circuits; in 



oscillator, voltage- and current-regulator circuits; and in de and servo ampli- 
fìer circuits. JEDEC No. TO-5 package; outline 6, Outlines Section. 
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MAXIMUM RATINGS 

: Collector-to-Bàse Voltage (with emitter open) .. 

Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 

With base open .. 

Emitter-to-Base Voltage . 

Collector CUrrent ..... 

Base Current . 

Transistor Dissipation: 

At case temperatures up to 25°C .. 

At case temperatures above 25°C .i. 

Temperature Rapge : : 

Operating (jruriction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-to-Emitter Breakdown , Voltage 

(with emitter-to-base volts = 1.5 and collector ma = 0.5) _ 

Collector-to-iEmitter Sustaining Voltage 

(With collector ma = 50 and base current = 0) .. 

Base-to;-iÉmitter Voltage: (with collector-to-emitter volts — 4 

and collector ma = 100) . . 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current = 0) .i. 

Emitter-Cutoff Current (with emitter-tò-base volts = 6 

and collector current = 0) ...;. 

Thermal Resistance: 

Junction-to-ca:sev .. :.....v.... 

Junction-to-ambient^ .......... ;.u.... 

Thermal Time Constant . 

In Common-Base Circuit 


60 max volts 

60 max volts 
40 max volts 
6 max ! volts 
lmax ampere 
0.75 max ampere 

5 max watts 
See curve page 80 

—65 to 200 °C 

255 max °C 

60 min volts 

40 min volts 

2 max volts 

75 max /ia 

25 max fia 

35 max °C/watt 
200 max °C/watt 
10 msec 


Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 28 and collector ma = 5) .... 1.2 Me 

Collector-to-Base Capacitance (with collector-to-base volts = 40 

and/emitter current = 0) ..... 150 pf 


In Common-Emitter Circuif 


DC Forward Current-Transfer Ratio (with collector-to-emitter 


volts = 4 and collector ma = 100 j .... i ... 20 to 80 

Small-Signal Forward Current-Transfer Ratio 

(with còlléctpr-to-emitter volts = 4 and collector ma = 5) .. 40 

DC CoHector-tò-Emitter Sàturation Resistance 

(with collector ma = 100 and base ma = 10) .. 10 max ohms 



COLLECTOR-TO-EMITTER VOLJS- S2CM-1I555TI 


TYPICAL OPERATION IN POWER-SWlfCHING CIRCUIT 

DC Collector Supply Vqltage (Vcc) 

DC Base Supply Voltage (Vbb) .. : i.... 

Generator Resistance . *.•.//> - . ; .,. .•... ;. >. 

Gjn DC Collector Current (I c j .... 


12 

.volts 

—8.5 ; 

. . .r volts 

50 

ohms 

200. 

, ma 
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Turn-On DC Base Current (Ibi) 
Tum-Off DC Base Current (Ib 2 ) 
Switching Time: 

Delay time (td) . 

Rise time (tr) . 

Storage time (t«) . 

Fall time (tf) ... 


TYPICAL BASE CHARACTERIST1CS 



BASE-TO-EMITTER VOLTS 

©2CS-U669T 


20 

ma 

—8.5 

ma 

0.2 

fise c 

1 

fisec 

0.6 

fisec 

1 

fisec 



92CS-I0427R3 


Vbb = 8.5 volts 
Vco =12 volts 
Ri — 50 ohms, 1 watt 
R 2 = 700 ohms, 1 watt 
Ra =59 ohms, 2 watts 


POWER TRANSISTOR 


2N1701 


Silicon n-p-n type used in a 
wide variety of switching and ampli- 
fier applications in industriai equip- 
ment. It is used in power-switching, 
dc-to-dc converter, in verter, chop¬ 
per, and relay-eontrol circuits; in 



oscillator, voltage- and current-regulator circuits; and in de and servo ampli - 


fier circuits. JEDEC No. TO-8 package; outline 8, Outlines Section, 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 60 max volta 

CoUector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 60 max volts 

With base open . 40 max volts 

Emitter-to-Base Voltage (with collector open) . 6 max volts 

Collector Current . 2.5 max amperes 

Base Current . 1 max ampere 

Transistor Dissipation: 

At case temperatures up to 25° C . 25 max watts 

At case temperatures above 25°C ..... See curve page 80 

Temperature Range: 

Operating ( junction) and Storage . —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) ., 235 max °C 


CHARACTERIST1CS 


CoUector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.75) . 60 min volts 

Collector-to-Emitter Sustaining Voltage (with collector ma 

= 100 and base current = 0) .„ 40 min volts 

Base-to-Emitter Voltage (with collector-to-base volts = 4 

and collector ma = 300) . 3 max volts 

Collector-CutofE Current (with collector-to-base volts = 30 

and emitter current = 0) . 100 max jua 

Emitter - Cutoff Current (with emitter-to-base volts = 6 

and collector current = 0) . 50 max fia 

Thermal Resistance: „ 

Junction-to-case ..... 7 max C/watt 

Junction-to-ambient . 100 max °C/watt 

Thermal Time Constant . 10 msec 


In Common-Bnse Circvfr 


Small-Signal Forward Current-Transfer-Ratio Cutoff Frequency 
(with collector-to-base volts = 28 and collector ma = 5) .... 
Collector-to-Base Capacitance (with collector-to-base volts = 40 
and emitter current = 0) .. 


1 


175 


Me 

Pf 
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fu Common-Em/tfer Circvì# 

DC Forward Current-Transfer Ratio (with collector-to-emitter 


volts — 4 and collector ma = 300) . 20 to 80 

DC Collector-to-Emitter Saturation Resistance (with collector 
ma = 300 and base ma = 30) . . 5 max 


TYPICAL OPERATION IN POWER-SWITÒHING CIRCUIT BELQW 


DC Collector Supply Voltage (Vcc) 
DC Base Supply Voltage (Vbb) ... 

Generator Resistance . 

On DC Collector Current (I c ) . 

Tura-On DC Base Current (Ibi) . 
Tum-Off DC Base Current (Ibs) . 
Switching Time: 

Delay time (td) . 

Rise time (tr) . 

Storage time (ù) . 

Fall Urne (tf) .. 


12 

—8.5 
50 
750 
20 
—8.5 

0.2 

1 

OS 

1J. 


ohms 


volts 

volts 

ohms 

ma 

ma 

ma 

fisec 
fisec 
fise c 
fisec 


TYPICAL BASE CHARACTERtSTICS 



0 0.5 I 1.5 2 


BASE-T0 - EMITTER VOLTS 


sacs-usrt? 



92CS-I0427R2 


Vbb =8.5 volts 
Voo = 12 volts 
Ri = 50 ohms, 1 watt 
Rs = 220 ohms, 1 watt 
R* = 15.9 ohms, 2 watts 


TYPICÀl COLLECTOR CHARACTERISTICS 



TYPE 2NI70I 


COMMON-EMITTER CIRCUIT, BASE INPUT. 


CASE TEMPERATURE- 

25°C 

— 

\ - 

1- 

I- 

I- 

1 -1 






COLLECTOR-TO- EMITTER VOLTS 


80 

92CMHI962TB 
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POWER TRANSÌSTOR 


2ni: m 


oscillator, voltage- 


Silicon n-p-n type ùsed in a 

wide variety of switching and ampli- - ^ ^ 

fier applications in industriai equip- f i—v J } 

' : merit. It is used in pówer-switching, ^ J 

dc-to-dc converter, inverter, chop- eQ Qb . 
per, and relay-control circuits; in 
and current-regulator circuits; and in de and servo ampli-* 


fièr circuits; Package is similar to JEDEC No. TO-3; outline 23, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 
Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 

With base open . 

Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Base Current . 

Transistor Dissipation : 

At mounting-fiange temperatures up to 25°C 
At mounting-flange temperatures above 25°C 
Temperature Range: 

Operating; (junction) and Storage . 


60 max volts 

60 max volts 
40 max volts 
6 max volts 
5 max amperes 
2.5 max amperes 

■. 75 max' ; watts 
See curve page 80 


CHARACTÉRISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

vòlts ='1.5 and collector ma ~ 1) ... 

Collector-torEmitter Sustaining Voltage (with collector ma = 100 

and base: current = 0) . . 

Base-to-Emitter Voltage (with collector-to-emitter volts = 4 

. and collector ma — 800) . . .. 

Collector-Cutoif Current. (with collector-to-base volts = 30 

and emitter current = 0) . ..i-.. 

EmitteiHCutoff Current (with emitter-to-base volts = 6 

and collector current = 0) ... 

Thermal Resistance: 

Jilnction-tó-mounting-flange . 

Thermal Time Constant ... ..j 


4 max \ volts 


2.33 max °C/watt 
, 12 msec 


In Cómmon-Base Circuit 

Small-Signal Fo^ard-Curréht~rTransfef-Ratio Cutoff Frequency 

with collector-to-base volts == ■ 28 and collector ma = 5) - 

Collector-to-BaséT Càpacitànce (with collector-to-base volts 
= 40 and emitter current = 0) . 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts — 4 and collector ma = 800) ... 

Collector-to-Emitter Saturation Resistance (with collector 
ma — =800 and- base ma = 80). 


4 max ohms 


TYPICAL BASE CHARACTERISTICS 

TYPE 2N1702 ' 1 

COMMON-EMITTER CIRCUIT, n _ 

BASE INPUT. /? 

COLLECTOR-TO-EMITTER //' 

- VOLTS = 4 - 

CURVE CASE TEMP. -°C i / // 

—«— Ih- - 

-! -68 / // 

_ -— 175 J_il _ : - 



92CSrlÒ427R2 


"'BASE -TO - EMITTER VOLTS,,-' 
y: .,. 912 ^ 8 - 1156 , 71 ;: 


Vbb = 8.5 volts; : ; 

Vcc -- 12 volts ! 

Ri = 50 ohms,: 1 watt 
R 2 . — 30 ohms, 1 watt 
. K R 3 , ,7.8 ohms, 2 watts 
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 


DC Collector Supply Voltage (Vcc) . 12 volts 

DC Base Supply Voltage (Vbb) . —8.5 volts 

Generator Resistance . 50 ohms 

On DC Collector Current (le) . 1.5 amperes 

Tum-On DC Base Current (Ibi) . 300 ma 

Tprn-Ofì DC Base Current (Ibb) . —150 ma 

Switching Time: 

Delay time (td) . 0.2 fi sec 

Rise time (t r ) . 1 jusec 

Storage time (ts) . 1 fi sec 

Fall time (tr) . 12 fise c 



POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of switching and ampli- 
fier applications in industriai equip- *)K|| 1 
ment. It is used in power-switching, A INI I /Uv 

dc-to-dc converter, inverter, chop¬ 
per, and relay-control circuits; in 
oscillator, voltage- and current-regulator circuits; and in de and servo ampli - 
fier circuits. This type is stud-mounted to provide positive heat-sink contact 
and has a cold-weld seal. JEDEC No. TO-36 package; outline 14, Outlines Sec¬ 
tion. This type is electrically identical with type 2N1702. 

TRANSISTOR 

Silicon n-p-n type used in very- 

-high-speed applications in equip- 

f I \ ments which require high reliability 
©—Ly \À~® an( i high packaging densities. JEDEC 
e V J c No. TO-46 package; outline 18, Out- 
^- S lines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with extemal base-to-emitter 
resistance = 1000 ohms and load resistance = 100 ohms) .... 

Emitter-to-Base Voltage (with collector open) . 


2N1708 


25 max volts 

12 max volts 

3 max volts 
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Collector Current . 0.2 max ampere 

Transistor Dissipation: 

At case temperatures up to 25°C . 1 max watt 

At ambient temperatures up to 25°C . 0.3 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) . —65 to 175 °C 

Storage . —65 to 300 °C 

Lead Temperature (for 10 seconds maximum) . 235 max °C 

CHARACTERISTICS 

Base-to-Emitter Saturation Voltage (with collector ma = 10 

and base ma = 1) . 0.7 to 0.9 volt 

Collector-to-Emitter Saturation Voltage: 

With collector ma ~ 10 and base ma = 1 . 0.22 max volt 

With collector ma = 50 and base ma = 5 . 0.35 max volt 

Collector-Cutoff Current (with collector-to-base volts = 15 

and emitter current - - 0) . 0.025 max jua 

In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 10, 

emitter current = 0, and frequency = 140 kilocycles) . 6 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts - 1 and collector ma = 10) . 20 min 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 

emitter volts — 10, collector ma = 10, and frequency = 100 Me) 2 min 


:i 17 1 


TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of small-signal and 
medium-power applications in in¬ 
dustriai and military equipment. It 
can be used in rf Service as an am- 
plifìer, mixer, oscillator, and con¬ 
verter; in af Service for small- and large-signal driver and power applications. 
It features low saturation voltage, high sustaining voltage, high dissipation, 
high pulse beta, low output capacitance, and exceptionally low noise and leak- 
age characteristics. JEDEC No. TO-5 package; outline 6, Outlines Section. For 
curves of transfer characteristics, refer to type 2N2102. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10 ohms or less) . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Transistor Dissipation: 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . 

At case or ambient temperatures above 25°C . 

Temperature Range: 

Operating (junction) . 

Storage . 


75 max volts 

50 max volts 
7 max volts 
1 max ampere 

3 max watts 
0.8 max watt 
See curve page 80 

-65 to 200 °C 

—65 to 300 °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current ~ 0) . 

Collector-to-Emitter Reach-Through Voltage (with emitter-to- 

base volts — 1.5 and collector ma = 0.1) . 

Collector-to-Emitter Sustaining Voltage (with external base-to- 
emitter resistance = 10 ohms or less and pulse collector ma 


Base-to-Emitter Saturation Voltage (with collector ma = 150 

and base ma = 15) . 

Collector-to-Emitter Saturation Voltage (with collector ma 

= 150 and base ma = 15) .■.. - ■ ■ 

Collector-Cutoff Current (with collector-to-base volts = 60 
and emitter current = 0) . 


75 min 

volts 

7 min 

volts 

75 min 

volts 

50 min 

volts 

1.3 max 

volts 

1.5 max 

volts 

0.01 max 

fi a 


TYPICAL COLLECTOR CHARACTERISTICS 



0 IO 20 30 40 50 60 70 

COLLECTOR-TO-EMITTER VOLTS 

92CS-II630T 


Emitter-Cutoff Current (with emitter-to-base volts = 5 

and collector current = 0) 0.005 max /uà 

Thermal Resistance: 

Junction-to-case . 58.3 max °C/watt 

Junction-to-ambient . 219 max °C/watt 

In Common-Base Circuit 

Input Resistance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 . 24 to 34 ohms 

With collector-to-base volts = 10 and collector ma = 5 . 4 to 8 ohms 

Input Capacitance (with emitter-to-base volts = 0.5 and 

collector current = 0) . 80 max pf 

Output Capacitance (with collector-to-base volts = 10 and 

emitter current = 0) 25 max pf 

Output Capacitance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 . 0.1 to 0.5 /zmho 

With collector-to-base volts = 10 and collector ma = 5 . 0.1 to 1 p .mho 

Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at 
1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 . 0.0005 max 

With collector-to-base volts = 10 and collector ma = 5 . 0.0005 max 

In Common-Emitter Circuit 

DC-Pulse Forward Current-Transfer Ratio:* 

With collector-to-emitter volts = 10 and collector ma = 10 . . 75 min 

With collector-to-emitter volts = 10 and collector ma = 150 . . 100 to 300 

With collector-to-emitter volts = 10 and collector ma = 500 . . 40 min 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and collector ma = 0.01 . . 20 min 

With collector-to-emitter volts = 10 and collector ma = 0.1 . . . 35 min 
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Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts — 5, coUector ma = 1, and 

frequency = 1 kilocycle . 50 to 200 

With collector-to-emitter volts = 10, coUector ma = 5, and 

frequency — 1 kilocycle . 70 to 300 

With collector-to-emitter volts = 10, collector ma = 50, and 

frequency - ■ 20 megacycles . 3.5 min 

Noise Figure (with collector-to-emitter volts = 10, collector 
ma = 0.3, generator resistance = 510 ohms, Circuit bandwidth 

= 1 cycle, and signal frequency = 1 kilocycle) . 8 max db 

* Pulse duration = 300 fisec; duty factor = 0.018. 


POWER TRANSISTOR 


Silicon n-p-n type used in a ✓- yr - 

wide variety of intermediate-power [ K /I ] 

switching and amplifìer applications y 1 

À ' I / UO in industriai equipment requiring Ili 

transistors having high voltage, cur- © © © 

rent, and dissipation values. It is c b e 

used in power switching, dc-to-dc converter, inverter, chopper, and relay 
actuating circuits; in voltage- and current-regulator circuits; and in de and 
servo amplifìer circuits. This type has an offset pedestal, stud-mount arrange¬ 
ment which provides positive heat-sink contact. Outline 28, Outlines Section. 
This type is electrically identical with type 2N1486 except for thè following 
items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 60 max volts 

Collector-to-Emitter Voltage : 

With emitter-to-base volts = 1.5 . 60 max volts 

With base open . 40 max volts 

Transistor Dissipation : 

At case temperatures up to 25°C . 40 max watts 

At case temperatures above 25°C . See curve page 80 

Lead Temperature (for 10 seconds maximum) . 255 max °C 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (with emitter-to-base 

volts = 1.5 and collector ma = 0.25) . 60 min volts 

Collector-to-Emitter Sustaining Voltage (with coUector ma = 100 

and base current = 0) . 40 min volts 

Thermal Resistance: 

Junction-to-case . 4.375 max °C/watt 

Junction-to-ambient . 175 max °C/watt 


POWER TRANSISTOR 


Silicon n-p-n type used in a -- M -. 

wide variety of intermediate-power f r\ yi ] 
7£0 switching and amplifìer applications y ^ | * J 
JL IN I / O # in industriai equipment requiring 1 T 

transistors having high voltage, cur- © © © 

rent, and dissipation values. It is c b e 

used in power-switching, dc-to-dc converter, inverter, chopper, and relay 
actuating circuits; in voltage- and current-regulator circuits; and in de and 
servo amplifìer circuits. This type has an offset pedestal, stud-mount arrange¬ 
ment which provides positive heat-sink contact. Outline 28, Outlines Section. 
This type is identical with type 2N1486 except for thè following items: 


MAXIMUM RATINGS 


Transistor Dissipation : 

At case temperatures up to 25° C . 40 max watts 

At case temperatures above 25°C . See curve page 80 

Lead Temperature (for 10 seconds maximum) . 255 max °C 

CHARACTERISTICS 

Thermal Resistance : 

Junction-to-case . 4.375 max °C/watt 

Junction-to-ambient . .... . 175 max °C/watt 
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SILICON C0NTRQLIED RECTIFIER 




Diffused-junction n-p-n-p type 
used in a wide variety of power- 
control ! and power-switching appli¬ 
cations in industriai and military 


2N1842A 


. equipment. This type has a maxi- 

i stu d) mum peak forward blocking voltage 

of 25 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is ! designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing tòrque up to , 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repeti tive .... 

Non-repetitive ; (transient) .:. 

Peak Forward Blocking Voltage (repetitive) !. 

Peak Gate Voltage: : 

Forward .. . . ... 

; Reverse.. 

Average Forward Current: 

;At case temperature of 80°C and conduction angle of 180° .. 

!For: other case temperatures and conduction angles . 

Pèak Surge Current: ! : 

:For one cycle of applied voltage .;. 

For more than one cycle of applied voltage : . 

Peak Forward Gate Current .. 

Peak Gate Power ..... 

Average Gate Power .... t .... 

Temperature Rangè: 

Operating (case) ... 

Operating (ambient) . 

Storage . 


25 max volts 
35 max ; volts 
25 max ; volts 

10 max volts 
5 max volts 

10 max aìnperes 
See Rating Chart I 

125 max amperes 
See Rating Cjiart II 
2 max ainperes 
5 max watts 
0.5 max ‘ watt 

—65 to 125 °C 

See Rating Chart III 
—65 to 125 °C 


CHARACTERISTICS 


Forward Breakover Vpltage (at case temperature of 125°C) .... 25 min volts 

Average Forward Voltage Drop (at case temperature: of 80°C) .' 1.2 max volts 

DC Gate-Trigger Voltage: 

At case temperature of —40°C . 3.5 max volts 

At case temperature of — 65°C . 3.7 max volts 

At case temperature of 100°C . 0.3 min volt 

At case . temperature of 125°C . 0.25 min volt 

Average Blocking Current- (at- càse temperature of 125°C) i 

Forward ! .. . ..., 22.5 max ma 

Revqrse.. 22.5 max ma 

DC Gàte-Trigger Current (at case temperature of 125° C) 45 max ! . ma 

Holding Current (at case : temperature of 125-C) , ......... __ , 8 , : / .ma 

Thermal Resistance ( j ùnctióri-to-càsè ) .......,................. 2 max °C/watt 


, RATING CHART J 



A\/e : ràge forward current— amperes ‘ 


92CS-II905T2 
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RATINO CHART IT 

TYPE 2NI842A 
NATURAL COOLING. 

_ SINGLE-PHASE OPERATION. _ 
CONDUCTION ANGLE = 180° 

HEAT SINK 1 1/I6’*-THICK 
-_I_[_ 


FORWARD CHARACTERISTICS 


TYPE 2NI842A 
SUPPLY FREQUENCY 


0 20 40 SO 80 100 120 140 

AMBI ENI TEMPERATURE—°C 

92CS-IO07H 
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SILICON CONTROLLED RECTIFIER 


Diffused-junctìon n-p-n-p type /lT\ 

used in a wide variety of power- f -4*- \ 

control and power-switching appli- V S / 

I OTvM cations in industriai and military 
equipment. This type has a maxi- 
mum peak forward blocking voltage tSTUDj 

of 50 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is desìgned to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19» Outlines Section. This type is identical with 
type 2N1842A except for thè following items: 

MAXIMUM RAT1NGS 


Fot sinusoidal oc supply voltage of 50 tq 
400 cps, with resistive or inductive load 


Peak Re verse Voltage: 

Repetttive ... 

Non-repetitive (transient) --- ........ 

Peak Forward Blocking Voltage (repetìtive) 


50 max volts 

75 max volts 

50 max volta 
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CHARACTERISTICS 


Forward Breakover Voltage (at case temperature of 125°C) ...» 50 min volts 

Average Blocking Current (at case temperature of 125°C) : 

Forward . 19 max ma 

Reverse .. 19 max ma 


SILICON CONTROLLED RECTIFIER 


Diffused-junctìon n-p-n-p type 
used in a wide variety of power- 
control and power-switching appli- BUI *] O/M A 

cations in industriai and military ^ ■ ©*T“irA 

A equipment. This type has a maxi- 

ìstuo* mum peak forward blocking voltage 

of 100 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for thè following items: 

MAXIMUM RATINGS 

Fot sinusoidal ac supply voltage of 50 to 
400 cps , with resistive or inductive load 


Peak Reverse Voltage: 

Repetìtive ..... 100 max volts 

Non-repetitive (transient) ..... 150 max volts 

Peak Forward Blocking Voltage (repetìtive) ..... 100 max volts 

CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) . , oa 100min volts 

Average Blocking Current (at case temperature of 125°C) : 

Forward ...„ 12.5 max ma 

Reverse .... ... 12.5 max ma 



SILICON CONTROLLED RECTIFIER 


/\j\ Diffused-junctìon n-p-n-p type 

/ —4*- \ used in a wide variety of power- 

l j / control and power-switching appli- *}|M1 CMC A 

cations in industriai and military dA NI 1 
a* equipment. This type has a maxi- 

(studi mum peak forward blocking voltage 

of 150 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for thè following items; 


MAXIMUM RATINGS 

Fot sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Reverse Voltage: 

Repetìtive . 150 max volts 

Non-repetitive (transient) . 225 max volts 

Peak Forward Blocking Voltage (repetìtive) . 150 max volts 
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CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) 
Average Blocking Current (at case temperature of 125°C) : 

Forward ... 

Reverse .. 


6.5 max 
6.5 max 


SILICON CONTROLLED RECTI FI ER 


Diffused-junction n-p-n-p type /ìT\ 

used in a wide variety of power- f -4^- \ 

O MIAA con t r °l and power-switching appli ^ Vi/ 

AÌ\ I040M cations in industriai and- military 
equipment. This type has 'a maxi- 
mum peak forward blocking voltage (STUDl 

òf 200 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud ean withstand an installing torque up to 50 ■ inch-potmds. JEDEC 
No. TO-48 package; outline 19, Outlines Sectión. This type is identical with 
type 2N1842A except for thè following iterns: 

MAXIMUM RATINGS 

For sinùsoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive . load 


Peak Reverse. Voltage: 

' Rèpetitivé .. 

Non-rèj)étitive (transient) ... 

Peak Forward Blocking Voltage (repetitive) i. ; ;. ... . . 

CHARACTERISTICS 

Forward'Breàko ver Voltage (àt case temperature of 125°G) 
Average Blocking Current (at case temperature of 125°C) : : 

Forward ... ; *. 

Reverse ..... 


200 max volts 

300 max volts 

200 max volts 


SILICON CONTROLLED REÒTI FIERI 


. . ; ' . TERMiÌSaU f SHORT 

: ; rA _ TERMINAL) 

Diffused-junction n-p-n-p type .;/\ìv 
used in a wide variety of power- / -44 \ 

AMI QAJ A control and power-switching appli- t ^ ) 

All I OHI M cations in industriai and military \Ì>/ 
equipment. This type has a maxi- 
i -r: : , : mum peak forward blocking voltage ; ; . (studi 

of 250 volts and a forward-current capability. of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
: environmental and mechanical specifìcations. The special high-strength copper- 
alloy : stud can. withstand an installing; ; torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, .Outlines. Section,..'This- type is identical with 
type 2N1842A except for thè following iterns: 

MAXIMUM RATINGS , 

Fór sinùsoidal ac sicpply voltage of -50 to . 

400 cps, with resistive., or inductive load' 

Peak Reverse Voltage: . ,-v-/ : ... : 

Repetitive . 250 max volts 

. : Non-repetitive ( transient) . ì 350 max ; = .• volts 

. Peak Forward Blocking Voltage (repetitive)-;-. . . . . ( 250 max ^ wolts 
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CHARACTERISTICS 


•••• — — 

' Reverse .. 5.5 max ma 

. 5.5 max ma 


SILICON CONTROLLED RECTIFIER 


Diffused-junction n-p-n-p type 
f — ■£' \ used in a wide variety of power- 

V K / control and power-switching appli- 

cations in industriai and military ZINI ! 
equipment. This type has a maxi- 
(studi mum peak forward blocking voltage 

of 300 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental. and mechanical specifìcations. The special high-strength copper- 
?f oy „^ u fì ; can whhstand an installing torque up to 50 inch-pounds. JEDEC 

1 ?’ 11 ° UtlÌneS Section * This type is identical with 
type 2N1842A except for thè following iterns: 


MAXIMUM RATINGS 

For sinùsoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 


Peak Re verse Voltage: 

Repetitive 

Non-repetitive (transient). 300 max volts 

Peak Forward Blocking Voltage ' (repetitive)' ' ! ! ! ! i ! i ! ! ! ! ! ! ! ! ! ! | ^0 SS volte 

CHARACTERISTICS 

•••• “ -«a 

Reverse .!..!..!!.!!.!..* 5 max ma 

. 5 max ma 


SILICON CONTROLLED RECTIFIER 


Diffused-junction n-p-n-p type 
used in a wide variety of power- 
control and power-switching appli- OIK n T o Af\ A 
cations in industriai and military ZINI I 
equipment. This type has a maxi- 
* Ann j r mum P ea ^ forward blocking voltage 

to. 2^rx. Th ° » id ““ 

MAXIMUM RATINGS 

SST ac .sy-PPT-y voltage of 50 to 

400 cps, with resistive or inductive load 

Peak Reverse Voltage: 

Repetitive . 

Non-repetitive (transient)* ' !. 

Peak Forward Blocking Voltage (repetitive)* 


400 max volts 

500 max volts 

400 max volts 



A 

(STUDI 
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CHARACTERISTICS 


Forward Breakover Voltage (at case temperature of 125°C) .... 400 min volta 

Average Blocking Current (at case temperature of 125°C) : 

Forward . 4 max ma 

Reverse . 4 max ma 


SILICON CONTROLLED RECTIFIER 

TERMI 

Diffused-junction n-p-n-p type 
used in a wide variety of power- 
con trol and power-switching appli- 
ti cations in industriai and military 

equipment. This type has a maxi¬ 
mum peak forward blocking voltage 
of 500 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is design ed to meet stringent military 
environmental and mechanical specifìcations. The special high-strength copper- 
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for thè following items: 

MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive lo ad 


Peak Reverse Voltage : 

Repetitive . 500 max volts 

Non-repetitive (transient) .„ 600 max volts 

Peak Forward Blocking Voltage (repetitive) .: 500 max volts 


CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) ... a 
Average Blocking Current (at case temperature of 125°C) : 

Forward . 

Reverse ....... 

TRANSISTOR 

Germanium p-n-p type used in 
high-speed switching applications in 
data-processing equipment. JEDEC 
No. TO-5 package; outline 6, Out¬ 
lines Section. 

MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) .. —18 max volts 

Collector-to-Emitter Voltage (with base open) . —6 max volts 

Emitter-to-Base Voltage (with collector open) . —2 max volts 

Collector Current . —100 max ma 

Transistor Dissipation : 

At ambient temperatures up to 25°C . 150 max mw 

At ambient temperatures above 25°C . See curve page 80 

Emitter-To-Base Dissipation (under breakdown condition with 
reverse bias) : 

At ambient temperatures up to 25°C . 25 max mw 

At ambient temperatures above 25°C . See curve page 80 

Ambient-Temperature Range : 

Operating and Storage . —55 to 85 ®C 

Lead Temperature (for 10 seconds maximum) . 235 max C 

CHARACTERISTICS 

Base-to-Emitter Voltage (with collector ma = —6 and 

base ma = —0.2) . —0.4 max volt 

Collector-to-Emitter Saturation Voltage (with collector ma = —6 

and base ma = —0.2) . —0.2 max volt 

Collector-Cutoff Current (with collector-to-base volts = —15 

and emitter current — 0) . —4.2 max /ia 




500 min volts 

3 max ma 

3 max ma 



(stud) 
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In Common-Emitter Circuit 


Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —1, collector current ^ 0, 

and base ma - —0.2 . . 30 to 400 

With collector-to-emitter volts m 0.4, collector ma = —6, 

and base current =0 .. 30 min 



following: 


TRANSISTOR 

Germanium p-n-p type used in 
high-speed switching applications in 
data-processing equipment. JEDEC 
No. TO-5 package; outline 6, Out¬ 
lines Section. This type is identical 
with type 2N1853 except for thè 


2N1854 


CHARACTERISTICS 


Base-to-Emitter Voltage (with collector ma = —20 

and base ma = —0.5) . —0.8 max volt 

Collector-to-Emitter Saturation Voltage: 

With collector ma = —20 and base ma = —0.66 . —0.25 max volt 

With collector ma = —20 and base ma = —0.5. —0.3 max volt 

In Common-Base Circuit 

Output Capacitance (with collector-to-base volts = —10, 
emitter current = 0, and frequency = 140 kilocycles) . 12 max pf 


In Common-Emitter Circuit 


Forward Current-Transfer Ratio: 

With collector-to-emitter voltage = —0.5 and collector 

ma = -20 . 40 min 

With collector-to-emitter voltage =: —0.75 and collector 

ma = -100 . 25 min 

With collector-to-emitter voltage = —1 and collector ma = —50 400 max 

Gain-Bandwidth Product (with collector-to-emitter volts — —1 
and collector ma = —10) . 40 min Me 


POWER TRANSISTOR 



Silicon n-p-n type used in a wide 
variety of small-signal and medium- 
power switching applications in in¬ 
dustriai and military equipment. It 
features high collector-to-emitter 
sustaining voltage, low leakage char- 


2N1893 


acteristics, high switching speeds, and a high de forward current-transfer ratio. 


This type can be replaced by thè 2N2405 in most applications. JEDEC No. TO-5 
package; outline 6, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance ~ 10 ohms or less) . 

Collector-to-Emitter Voltage (with base open) . 

Emitter-to-Base Voltage (with collector open) . . 

Collector Current . | 

Transistor Dissipation : 

At case temperatures up to 25 °C. 

At ambient temperatures up to 25°C 

At case or ambient temperatures above 25°C ... 

Temperature Range: 

Operating (Junction) . 

Storage . ........... 

Lead Temperature (for 10 seconds maximum) . 


120 max volts 

100 max volts 
80 max volts 
7 max volts 
0.5 max ampere 1 

3 max watts 
0.8 max watt 
See curve page 80 

—65 to 200 °C 

—65 to 300 °C 

255 max °C 
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CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 120 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) . 7 min volts 

Collector-to-Emitter Saturation Voltage: 

With base ma = 15 and collector ma = 150 . 5 max volts 

With base ma = 5 and collector ma = 50 . 1.2 max volts 

Base-to-Emitter Saturation Voltage: 

With base ma = 15 and collector ma = 150 . 1.3 max volts 

With base ma = 5 and collector ma = 50 . 0.9 max volt 

Collector-to-Emitter Sustaining Voltage: 

With base current = 0 and pulsed collector ma = 30* . 80 min volts 

With extemal base-to-emitter resistance = 10 ohms and 

pulsed collector ma = 100* . 100 min volts 

Colle ctor - Cutoff Current : 

With case temperature = 25°C, collector-to-base volts = 90, 

and emitter current = 0 . 0.01 max /ia 

With case temperature = 150°C, collector-to-base volts = 90, 

and emitter current = 0 . 15 max fia. 

Emitter-Cutoff Current (with emitter-to-base volts = 5 and 

collector current = 0) . 0.01 max fia. 

Thermal Resistance : 

Junction-to-case . 58.3 max °C/watt 

Junction-to-ambient . 219 max °C/watt 


* Pulse duration = 300 fi sec, duty factor = 0.018 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS $gCM-i(653T 



92CS-I1I85T 
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In Common-Basè Circuit 


Input Resistance at 1 kilocycle : | 

With collector-to-base volts = 5 and collector ma = 1 ___ 20 to 30 ohms 

With collector-to-base. volts = 10 and collector ma = 5. 4to8 ohms 

Emitter-to-Base Capacitarne (with emitter-to-base volts = 0.5 

and collector; current = 0) . :.;. 85 max pf 

Collector-to-Base Capacitarne (with collector do-base volts = ■ 

10 apd emitter current = 0) . :..., . 15 max pf 

Output Conductance at 1 kilocycle : ; 

With collector-to-base volts = 5 and collector ma = 1 . 0.5 max /unho 

With coljector-to-base volta = 10 and collector ma = 5,. 0.5 max /iinho 

Small-;Signal Open-Circuit Reverse Voltage-Tiransfer Ratio at 
1 kilocycle: ; I 

With collector-to-base volts = 5 and collector ma = 1 ...... 1.25 x IO- 4 

With collector-to-base ;Volts = 10 and collector ma = 5 _ 1.5 x IO" 4 


In Common-Emitter Circuit 


DC Forward Current Transfer Ratio: . 

With collector-to-emitter volts = 10 and pulsed collector ma 

= 150* . 40 to 120 

With collector-to-emitter volts = 10 and collector ma = 10 ! ! 35 min 

With collector-to-emitter volts = 10 and collector ma = 0.1 . . 20 min 

With collector-to-emitter volts = 10, collector ma = 10, and 

case temperature = —55°C . 20 min 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 5, and collector ma = 1, 

and frequency = 1 kilocycle . 30 to 100 

With collector-to-emitter volts = 10, and collector ma = 5, 

frequency = 1 kilocycle ...45 min 

With collector-to-emitter volts' = 10, and collector ma = 50, ,yxj 
• and frequency = 20 Me . .:. 2.5 min 

• Pulse duration = 300 n sec, duty factor = 0.018 ; 


POWER TRANSISTOR 



Germanium p-n-p type used in 
a wide variety of switching and am- 
plifier applications: It is ; used as a 
high-power high-speed switch in 
dc-to-dc converters, inverters, and 


2N1905 


computers for data-processing equip- 

ment; and in ultrasonic osciHàtòr& and large-signàl wide-band linear amplifiers. 
Package is similar to JEDEC No. TO-3; outline 24, Outlines Section. This type 
is identical with type 2N1906 except for typical operation and thè following 
items: . '* , . 


MAXIMUM RATINGS 

Collector-to-Bàse Voltage (with emitter open) 
Collectorrto-Emitter Voltage (with base open) 


—60 max volts 
—40 max volts 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS i ■ 92CM-I0999TI 
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TYPiCAL TRANSFER CHARACTERJST1C 


■ 1 1 1 1 1 1 1 1 

TYPE 2NI905 

-COMMON-EMITTER CIRCUIT, BASE INPUT - 
MOUNTING-FLANGE TEMPERATURE = 25°C 
COLLECTOR-TO-EMITTER VOLTS *=-2 

1111111-1' 
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TYPiCAL TRANSFER CHARACTER1STIC 


0.2 0.4 0.6 0.8 

BASE-TO-EMJTTER VOLTS 

92CSH0993T 


-!-1 - 1 - 1 - 1 - 1 - 

TYPE 2NI905 

COMMON-EMITTER CIRCUIT, BASE INPUT 
“ MOUNTING-FLANGE TEMPERATURE c 25*C ' 
COLLECTOR-TO-EMITTER VOLTS = -2 

1 1 1 1_ L 1 
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HO -20 -30 -40 -50 -60 
BASE MILL1AMPERES 

92CS - (09951* 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = —10 

and emitter current = 0) . 

Collector-to-Emitter Breakdown Voltage (with collector 

ma = —100 and base current = 0 ) .;. 

Base-to-Emitter Voltage (with collector-to-emitter volts = —2 

and collector ma — —1000) ........... 

Collector-to-Emitter Saturation Voltage (with collector 
ma -- —1000 and base ma = —50) . 

Un Common-Emitter Circvrf 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —2 and collector ma = —1000) . 

DC Forward Conductance (with collector-to-ernitter volts = —2 
and collector ma = —1000) ..... 


POWER TRANSISTOR 


Germanium p-n-p type used in 
a wide variety of switching and am- ^^ 
OIV11 Gl A A plifier applications. It is used as a f [—^ y A 

Alili J UO high-power high-speed switch in J 

dc-to-dc converters, inverters, and e@ b^)"' 

computers for data-processing equip- 

ment; and in ultrasonici oscillators and large-signal wide-band linear amplifierSo 
Package is similar to JEDEC No. TO-3; outline 24, Outlines Sectiom 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) _ ............. —100 max volts 

Collector-to-Emitter Voltage (with base open) ... —40 max volts 

Emitter-to-Base Voltage (with collector open) . . —1 max volt 

Collector Current . —10 max amperes 

Base Current . ...... —3 max amperes 

Transistor Dissipation: 

For mounting-flange temperatures up to 25°C .... 50 max watts 

For mounting-flange temperatures above 25°C .. See curve page 80 

Temperature Range: 

Operating (junction) and Storage .. —55 to 100 °C 

Lead Temperature (for 10 seconds maximum) ... 255max °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = -1-0 

and emitter current = 0) . 100 min volts 

Collector-to-Emitter Breakdown Voltage (with collector 

ma = —100 and base current = 0) . 40 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = —5 
and collector current — 0) .. 1 min volt 
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TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92OM0^T| 


TYPICAL TRANSFER CHARACTERISTIC 



92CS-KJ992T 


TYPICAL TRANSFER CHARACTERISTIC 



BASE-TO-EMITTER VOLTS 

92CS-K?m? 


Base-to-Emltter Voltage (with collector-to-emitter volts = —2 

and collector ma = —5000) . 

Collector-to-Emitter Saturation Voltage ' (with collector. 

ma = —5000 and base ma = —250) . 

Collector-Cutoff Current (with collector-to-base volte = II 40 

and emitter current = 0) . 

Collector-Cutoff Saturation Current (with collèctòr-to-basé. 

volts — —0.5 and emitter current = 0) 

Emitter-Cutoff Current (with emitter-to-base voite ==’ —0.5 . 

and collector current = 0) . 

Thermal Resìstane e : 

Junction-to-mounting flange .. 

Bn Common-Ermtter Circuì# 


—OS volt 

—0.75 volt 

-150 fta 

■—65 fi a 

—1 ma 

1*5 max a C/watt 


DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —2 and collector ma = —5000) 

Smail-Signal Forward-Current-Transfer-Ratio Cutoff' Frequency 
(with collector-to-emitter volte = —5 and collector ma = —500) 
Gam-Bandwidth Product (with collector-to-emitter volte = —5 

and collector ma = —500) .. 

DC Forward Conductance (with coUector-to-emitter volte '=* —2 
and collector ma = —5000) . *.7 


125 

75 

7.5 

8.3 


TYPICAL 0PERATI0N IN “0N-OFF” 

DC Collector-Supply Voltage ..... 

Qn DC Collector Current .............. 

Tum-On DC Base Current . 

Turn-Off DC Base Current ..... 0 0 c .... 


P0WER-SW1TCHING CIRCUIT 

. 5 12.5 12.5 

. —1 —2.5 -5 

« *. — —0.25 —0.25 

. — 0.25 0.25 


kc 

Me 

mhos 


volte 

amperes 

ampere 

ampere 
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Pulse-Generator Open-Circuit Voltage . 

_ 2 

_ 75 

5 

5 

volts 

ohms 


0.1 

— 

— ■ 

tif 


. 5 

5 

2.5 

ohms 


. 5 

5 

5 

ohms 

Switching Time: 

. 0.1 

0.1 

0.1 

/isec 


. 0.1 

0.4 

0.9 

fisec 


. 1 

7 

7 

/xsec 


. 0.6 

1 

2 

/tsec 


POWER TRANSISTOR 

Silicon n-p-n type used in 3 v 

! 1 widé variety of high-power switch- j f \\ 

OMOfìl F ■ ing and. amplifìer applications in in-r . s »\ \> 

2l\lzU IO dustrial and military equipment. It c J 

is ubed in powér-switching, dc-to-dc 
converter, inverter, chopper, sole- 

noid and relay control circuits; in oscfìlator, regulator, and pulse-amphher 
circuits; and as a class A or class B push-pull audio and servo amplifìer. It 
features low saturation resistance, high current and power, dissipation high 
beta at high current, aild excelleht high-temperature performance. JEDEC JNo. 
TÒ-36 package; outiinè 14, Outlines Seetion: This type is ìdentical with type 
2N2016 except for thè following: : 1 

MAXIMUM RJVTINGS ; ì i ■ linmnlc volte 

CoWor-tb-Bès'e Voltàge ìfwith eimtter open! .. ••••;', 30 max volti 

Collector-to-Emitler Voltage (with base operi) . , , a " max 

CHARACTERÌSTICS j, 1 

Coilector-tb-Emittèr Vòltage: _ ' 1 100 min volts 

With emitteij-to-basq volts = —1-5 and collector ma - 2 .. . ^ Jniri volts 

With base ojen and.-colfector ma = ]200 . . \ ■ • •-j- ■ ■ ■ - ■ • \iaa 
C oìlector-Cutoff Current (with collector-to-emitter vo.lts _ 100 2 max ma 

ColTe^toiittlEmUter 6 sSaintog Voltage ‘ (with' cofìectof ' ampere* ; ^ ^ ^ 

= 0.2 and base current = ,0);.‘.....-V ■ ;i <•; 


100 max 
50 max 


1Q0 min volts 
N 50 miri volts 


50 miri volts 


POWER TRANSISTOR 

V Silicon n-p-n ; type nsed in a ; ' 

i- wide variety ofhigh-power switch- ■/. \ V.; 

Aà vAAl/ ing and amplifìer applications in in- 4 J 

zN/.UIO dustrial and military equipment. It ;C .7 

is usediini powér-switching, dc-to^dc : :. : 

■ converter, inverter, chopper, sole-- _ ...-7-7 m 

noid and relay control circuits; in oscillator, regulator, .and pulse-ampWer 
circuits; and as a class A or class B push-pull audio ; and ^eryo^ empier. It 
features "low saturation resistance, high current and power dissipation, high 
beta at high current, and -excelleììt' high-temperature performance. JEDEG 
No. TO-36 package; outline 14, Outlines Seetion. . v ■. : V .;; ! ! 

MAXIMUMlRATINGSc— : 7 r \v .--v '-. . 

r 'Collector-to-èase Voltale (with .^kiitter open)............. • • • • • , 65 max volts 

. .j^ollector-toj-Emitter Voltage ^with jDase open) .. . 10 max' vòLts 

'TSmitter-to-Bàse Voltage (with cpllector, open) ... • • m àxarripères 

-Collector Current . . .. T: j^akamiiéres 

Base Current ..“ . .. —13-max amperes 

Emitter Current : •:.'.--X ' -l 

Transistor DiSsipatiOnr n . 150 max - : watits 

. - At case témperatures up to. 25 C .* . See cur.ye:page; §0 

At.case tèmperatureé above 25 C . ;•••• . ; .^ L ._ ; y- 

- Temperature Range:-i- -l- ^ —65 to 200 f : i-: ' -. i T?C 

*• i'>.Dperating-4tunctioW)- and Storage..-. v 


130 max* volts 
~ 65 max ", volts 
10 max volts 
‘ ' 10 max aniperes 
6 m'axr amperes 
—13 max amperes 

150 max-.:- watts 
See curve:page;;30 
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CHARACTERÌSTICS 


Collector-to-Emitter Voltage: 

With emitter-to-base volts = —1.5 and collector ma = 2. 130 min volts 

With base open and collector ma = 200 . 65 min volts 

Collector-to-Emitter Sustaining Voltage (with collector 

ma — 200 and base current = 0) . 65 min volts 

Collectòr-to-Emitter Saturation Voltage (with collector 

amperes = 5 and base ampere = 0.5) . 1.25 max volts 

Base-to-Emitter Voltage (with collector-to-emìtter volts = 5 

and collector amperes = 5) . 2.2 max volts 

Collector-CutoflE Current: 

With collector-to-emitter volts = 30, base-to-emitter 

volts = —1.5, and case temperature =: 150°C . 2 max ma 

Wnh collector-to-emitter volts = 130, base-to-emitter 

volts ~ —1.5, and case temperature — 25°C . 2 max ma 

Emitter-Cutoflf Current (with emitter-to-base volts = 10 and 

collector current = 0) . 0.05 max ma 

Thermal Resistance : 

Junction-to-case . 1-17 max °C/watt 

Thermal Time Constant . 30 msec 


TYPICAL COLLECTOR CHARACTERÌSTICS 



COLLECTOR-TO-EMITTER VOLTS 92CM-II092TI 


In Common-Base Circuit 


Collector-to-Base Capacitance (with collector-to-base volts = 40, 

collector /xa = 50, and frequency = 1 Me) . ; . 400 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 4 and collector amperes = 9 8 min 

With collector-to-emitter volts = 4 and collector amperes = 5 15 to 50 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = 4, collector ampere = 1, and frequency 

= 1 kilocycle) . 12 to 60 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-emitter volts = 4 and collector amperes = 5) 12 min kc 

TYPICAL QPERATION IN PULSE-RESPONSE TEST CIRCUIT 

DC Collector-Supply Voltage (Vcc) . 24 volts 

DC Base-Supply Voltage ^Vbb) . —6 volts 

On DC Collector Current (le) . 10 amperes 

Tum-On DC Base Current (Ibi) . 2 amperes 

Base-Circuit Resistance (Rbi) or Rb 2 ) . 10 ohms 

Collector-Circuit Resistance (Re) . 2 ohms 

Switching Time: 

On time (Delay time td plus rise time tr) . 4 fisec 

Off time (Storage time U plus fall time tf) . 7 fisec 
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TYPiCAL BASE CHARACTERISTICS 



TYPE 2N2016 

COMMON-EMITTER CIRCUIT, BASE INPUT. 

- COLLECTOR-TO- EMITTER VOLTS =4 - 

CURVE 1 CASE TEMPERATURE—°C 

1000 

750 

— 



-6 

17 

5 

(/ 

— 

500 




— 

IL 



250 



_> 

ÌL 







0 






0 0.5 I 1.5 2 2.5 3 

BASE-TO-EMITTER VOLTS 

92CS-II093T 



92CS-III25R! 


TRANSISTOR 


Silicon n-p-n type used in a y 

wide variety of small-signal and /-\ 

medium-power applications in in- f I \ 

JLlMX B UZ dustrial and military equipment. It ©—k/ \À~® 
can be used in rf Service as an am- E V J C 
plifìer, mixer, oscillator, and con- ^ 

verter; in af Service for small- and large-signal driver and power applications; 
in switching Service for high-speed switching circuits requiring transistors 
having high voltage and current values. It features low saturation voltage, high 


sustaining voltage, high dissipation, high pulse beta, low output capacitance, 
and exceptionally low noise and leakage characteristics. JEDEC No. TO-5 pack¬ 
age; outline 6, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) ... 

Collector-to-Emitter Voltage : 

With extemal base-to-emitter resistance — 10 ohms or less ... 

With base open . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . 

At case or ambient temperatures above 25°C . 

Temperature Range: 

Operating (junction) . 

Storage . 

Lead Temperature (for 10 seconds maximum) . 


120 max volts 

80 max volts 
65 max volts 
7 max volts 
1 max ampere 

5 max watts 
1 max watt 
See curve page 80 

-65 to 200 °C 

—65 to 300 °C 

300 max °C 



92CS-iiieaT 
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CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 

Emitter-to-Base Breakdown Voltage (with emitter ma' = 0T ” 
and collector current = 0) 

Collector-to-Emitter Reach-Through Voltage" (with 'emitter-toi 
base volts — 1.5 and collector ma = 0.1) 

Collector-to-Emitter Sustaining Voltage: 

With external base-to-emitter resistance = 10 ohms or less 

and collector ma = 100 . 

With collector ma = 100 and base current = 6. 

Base-to-Emitter Saturation Voltage (with collector ma = Ì5Ó 

arfd base ma = 15) . 

Collector-to-Emitter Saturation Voltage (with coliector ma' = 'l5Ó 

and base ma = 15) . 

Collector-Cutoff Current (with coliector-to-base volts = 60 ’ ’ 

and emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volts = 5 

and collector current = 0) . 

Thermal Resistance: . ■*** 

Junction-to-case . 

Junction-to-ambient .! 


In Common-Base Circuit 


120 min volts 

7 min volts 

120 min volts 

80 min volts 

65 min volts 

1.1 max volts 

0.5 max volt 

0.002 max fia 

0.002 max /ia 

35 max °C/watt 
175 max 0 C/watt 


Input Resistance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 24 to 34 

With collector-to-base volts = 10 and collector ma = 5 . 4 to 8 

Input Capacitance (with emitter-to-base volts = 0.5 and 

collector current = 0) . 80 max 

Output Capacitance (with collector-to-base volts = iò and. 

emitter current = 0) . , 15 max 

Output Conductance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 0.1 to 0 5 

With collector-to-base volts = 10 and collector ma = 5 0 1 to 1 

Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at 
1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 0 0003 max 

With collector-to-base volts = 10 and collector ma = 5 .. ; ' 0.0003 max 


ohms 

ohms 

pf 

pf 

jarnho 

/imho 



COLLECTOR —TO—EMITTER VOLTS 92CM-III76T 


DC-Pulse Forward Current-Transfer Ratio:* 

With collector-to-emitter volts = 10 and collector ma = 150 
With collector-to-emitter volts = 10 and collector ma = 500 
collector-to-emitter volts = 10 and collector ma = 1000 
DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and collector ma = 0 01 
With collector-to-emitter volts = 10 and collector ma = 0 1 
With collector-to-emitter volts = 10 and collector ma = 10 


40 to 120 

25 min 
10 min 

10 min 
20 min 
35 min 
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Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 5, collector ma = 1, and 

frequency — 1 kilocycle . 30 to 100 

With collector-to-emitter volts = 10, collector ma = 5, and 

frequency = 1 kilocycle . 35 to 150 

With collector-to-emitter volts = 10, collector ma — 50, and 

frequency = 20 Me . 3 min 

Noise Figure (with collector-to-emitter volts = 10, collector ma 
= 0.3, generator resistance = 1000 ohms, Circuit bandwidth = 15 

kilocycles, and signal frequency = 1 kilocycle) . 6 max db 

Total Switching Timef (delay time plus rise time plus fall time) 30 max nsec 


* Pulse duration = 300 /xsec, duty factor =z 0.018. 
t See Total~Switching~Time Measurement Circuit below. 



POWER TRANSISTOR 


2N2147 


Germanium p-n-p type used in 
high-fidelity amplifiers and other af 
amplifiers where wide frequency 
range and low distortion are re- 


quired. It is intended primarily for 
class B amplifìer Service. JEDEC No. 
TO-3 package; outline 5, Outlines Section. 


MAXIMUM RATINGS 



Collector-to-Base Voltage . 

Collector-to-Emitter Voltage . 

Emitter-to-Base Voltage . 

Collector Current . 

Base Current . 

Emitter Current . 

Transistor Dissipation : 

At mounting-flange temperatures up to 81 °C 

At mounting-flange temperatures above 81°C 
Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) 


—75 max volts 
—50 max volts 
—1.5 max volts 
—5 max amperes 
—1 max ampere 
5 max amperes 

12.5 max watts 
Derate 0.66 watt/°C 

—65 to 100 °C 

255 max °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = —10 

and emitter current = 0) . 

Collector-to-Emitter Breakdown Voltage (with collector ma = 

—100 and base current = 0) . 

Base-to-Emitter Voltage (with collector-to-emitter volts = —10 

and collector ma — —50) . 

Collector-Cutoff Current (with collector-to-base volts = —40 
and emitter current = 0) . 


—75 min volts 

—50 min volts 

—0.24 volt 


—1 max 


ma 
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Collector-Cutoff Saturation Current (with collector-to-base volt 

== —0.5 and emitter current = 0) . 

Eimtter-Cutoff Current (with emitter-to-base volts =■ —1.5 and 

collector current = 0) . 

Thermal Resistance: 

Junction-to-case .. 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —1 and collector ma = —1000) 

Gain-Bandwidth Product (with collector-tó-emititer volts = —5 
and collector ma = —500) . 


—70 max /* a 

—2.5 max ma 
1.5 max °C/watt 


150 

4 Me 


TYPICAL COLLECTOR CHARACTERISTICS 


1-1-1-1-1- 

TYPE 2N2I47 

COMMON-EMITTER CIRCUIT, BASE 

— 

NPUT. 

— 
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COLLECTOR-TO-EMITTER VOLTS ^92CM-]|331T2 



TYPICAL OPERATION IN SINGLE-ENDED PUSH-PULL AMPLIFÌER CIRCUIT 


DC Collector Supply Voltage . 

Zero-Signal DC Collector Current , . 
Zero-Signal Base-Bias Voltage 
Peak Collector Current . . 

Maximum-Signal DC Collector Current 
Input Impedance of Stage (per base) 
Load Impedance (Speaker Voice Coil) 


22 volts 

—0.05 ampere 

—0.24 volt 

—3.5 amperes 

—1.1 amperes 

75 ohms 

4 ohms 
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Power Gain .....;. . .. 33 db 

Maximum-Signal Power Output . 25 watts 

Total Harmonic Distortion at Maximum Signal Power Output .. 5 per cent 

Maximum Collector Dissipatimi (per transistor) under worst-case 

conditions . 12.5 watts 

EIA Music Power Output Rating . 45 watts 



Ri, Rs = 330 ohms, 2 watts 
R 2 , Ri = 3.9 ohms, 0.5 watt 


92CS-JI332R2 


Rs, Re = 0.27 ohm, 0.5 watt 


Voice coil 


impeci ance = 4 ohms 


POWER TRANSISTOR 


Germanium p-n-p type used in 
high-fidelity amplifiers and other af ^^ 
OKI 01 A A amplifiers where wide frequency [ r\ / ) 

I HK> range and low distortion are re- V \ J 

quired. It is intended primarily for e0 CDb 
use as a class A power amplifier 

in driver stages of high-power, high-quality af amplifiers, and in thè output 
stages of moderate-power amplifiers. It can also be used in class B power- 
amplifier Circuit. JEDEC No. TO-3 package; outline 5, Outlines Section. 

MAXIMUM RATINGS 


CoIlector-to-Base Voltage ... 

Collector-to-Emitter Voltage . 

Emitter-to-Base Voltage . 

Collector Current . 

Base Current . 

Emitter Current . 

Transistor Dissipation: 

At mounting-flange temperatures up to 81°C 

At mounting-flange temperatures above 81°C 
Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) 


—60 max volts 
—40 max volts 
—1.5 max volts 
—5 max amperes 
—1 max ampere 
5 max amperes 

12.5 max watts 
Derate 0.66 watt/°C 

—65 to 100 °C 

255 max °C 
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CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = —10 
and emitter current = 0 ) ^min , lf 

Collector-to-Emitter Breakdown Voltage (with collector ma = S 

—100 and base current = 0 ) . ac\ min 

Base-to-Emitter Voltage (with collector-to-emitter volts = —i<j 

and collector ma = —50) .. __ n 9R _ 

Collector-Cutoff Current (with coliector-to-'base volts = —40 and 

emitter current — 0 ) . . 

Collector-Cutoff Saturation Current (with collector-to-base volt 
= —0.5 and emitter current = 0 ) . i nnmav 

Emitter-Cutoff Current (with emitter-to-base volts = — 1 , 5 ' and U a 

collector current = 0 ) . 

Thermal Resistance: . 10 max ma 

Junction-to-case . 

1 5 max “C/watt 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts - —1 and collector ma = — 1000 ) inn 

Gam-Bandwidth Product (with collector-to-emitter' volts —' —5 
and collector ma = —500) . ~ 3 M 


TYPICAL COLLECTOR CHARACTERISTICS 



0 ^ H5 ~20 -25 -30 ^35 ^40" 


COLLECTOR-TO-EMITTER VOLTS 92CM-I0999T3 


TYPICAL BASE CHARACTERISTIC 



■W tirili I c.n VULI b 

92CSHI329T8 

TYPICAL 0PERATI0N IN SINGLE-ENDED PUSH-PULL AMPLIFIER CIRCUIT 


DC Collector Supply Voltage . r 

Zero-Signal DC Collector Current . Ì 6 aI volts 

Zero-Signal Base-Bias Voltage . ampere 

Peak Collector Current ~°'n 2 § volt 

Maximum-Signal DC Collector' Current. noi amperes 

.*... —u.»ij ampere 
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Vcc = 16.5 volts 

Ri, R 3 = 270 ohms, 2 watts 92CS-II332R2 

R 2 , R 4 = 3.9 ohms, 0.5 watt 
Rs, Re = 0.39 ohm, 0.5 watt 
Voice coil 

impedance = 4 ohms 


Input Impedance of Stage (per base) ^. 4 ohms 

Load Impedance (Speaker Voice Coll) . 31 db 

Power Gain ..• • • ■ ... 15 watts 

Maximum-Signal Power Output p n wpr’ nùfnùt 5 per cent 

Total Harmonic Distortion at Maximum Signal Power Outo 

Maximum Collector Dissipation (per transistor) under worst case ? 5 watts 

conditions . -ì-* -.! I 25 watts 

EIA Music Power Output Rating .*- 


TRANSISTOR 


2N2205 

type is electrically 


Silicon n-p-n type used in very- 
high-speed switching applications in 
equipments which require high re- 
liability and high packaging densi- 
ties. JEDEC No. TO-18 package; 
outline 12, Outlines Section. This 



identica! vdth type 2N1708 except for thè following item: 


CHARACTERISTICS _ 

F.mitter-Cutoff Current (with emitter-to-base volts ___ 100max /ia 

collector current = 0 ) ... 


2N2206 


TRANSISTOR 


Silicon n-p-n type used in very- 
high-speed switching applications in 
equipments which require high re- 
liability and high packaging densi- 
ties. JEDEC No. TO-46 package; 
outline 18, Outlines Section. 
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MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 25 max volts 

Collector-to-Emitter Voltage (with external base-to-emitter 
resistance = 1000 ohms and load resistance = 100 ohms) .... 20 max volts 

Emitter-to-Base Voltage (with collector open) . 3 max volts 

Collector Current . 0.2 max ampere 

Transistor E)issipation : 

At case temperatures up to 25°C . 1 max watt 

At ambient temperatures up to 25°C . 0.3 max watt 

At case or ambient temperatures above 25°C ... See curve page 80 

Temperature Range: 

Operation (junction) . —65 to 175 °C 

Storage . —65 to 300 °C 

Lead Temperature (for 10 seconds maximum) . 235 max °C 

CHARACTERISTICS 

Base-to-Emitter Saturation Voltage (with collector ma — 10 

and base ma = 1) . 0.7 to 0.9 volt 

Collector-to-Emitter Saturation Voltage: 

With collector ma = 10 and base ma = 1 . 0.22 max volt 

With collector ma = 50 and base ma = 5 . 0.35 max volt 

Collector-Cutoff Current (with collector-to-base volts = 15 

and emitter current = 0) . 0.025 max uà 

In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 10, 
emitter current = 0, and frequency = 140 kilocycles) . 6 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 1 and collector ma — 10 ) . 40 to 120 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = 10, collector ma = 10, and frequency 

= 100 Me) . 2min 


TRANSISTOR 



Silicon n-p-n type used in a 
wide variety of small-signal and 
medium-power applications in in¬ 
dustriai and military equipment. It 
can be used in rf Service as an am- 
plifìer, mixer, oscillator and con- 


2N2270 


verter; in af Service in small-signal and power applications. It features low 
output capacitance and exceptionally low noise and leakage characteristics. 
JEDEC No. TO-5 package; outline 6, Outlines Section. For curve of collector 


characteristics, refer to type 2N2102. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) . 60 max volts 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance = 10 ohms or less ... 60 max volts 

With base open . 45 max volts 

Emitter-to-Base Voltage (with collector open) . 7 max volts 

Collector Current . 1 max ampere 

Transistor Dissipation: 

At case temperatures up to 25°C . 5 max watts 

At ambient temperatures up to 25°C . 1 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) and Storage . —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) . 255 max °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0 ) . 60 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = Ò.l 
and collector current = 0 ) . 7 min volts 
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Collector-to-Emitter Sustaining Voltage*. 

With external base-to-emitter resistance = 10 ohms or less and 

pulse collector ma = 100 * . 

With pulse collector ma = 100* and base current = 0 . 

Base-to-Emitter Saturation Voltage (with collector ma = 150 

and base ma = 15) ... 

Collector-to-Emitter Saturation Voltage (with collector ma 

- 150 and base ma = 15) . 

Collector-Cutofì Current (with collector-to-base volts = 60 

and emitter current = 0) . 

Emitter-Cutoff Current (with emitter-to-base volts = 5 and 

collector current = 0) . 

Thermal Resistance: 

Junction-to-case .. 

Junction-to-ambient .. 


35 max °C/watt 
175 max °C/watt 


In Common-Base Circuit 

Input Capacitance (with emitter-to-base volts = 05 and 

collector current = 0) .-• 

Output Capacitance (with collector-to-base volts = 10 and 
emitter current = 0) . 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and pulse collector 

ma* = 150 . 

With collector-to-emitter volts = 10 and collector ma = 1 - 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10, collector ma = 5, and 

frequency = 1 kilocycle .■- .. 

With collector-to-emitter volts = 10, collector ma = 50, and 

frequency = 20 Me .-... 

Noise Figure (with collector-to-emitter volts = 10, collector 
ma = 0.3, generator resistance = 1000 ohms, Circuit bandwidth 

= 15 kilocycles, and signal frequency = 1 kilocycle) . 

* Pulse duration = 300 jusec, duty factor = 0-018. 


50 to 200 

35 min 


2N2273 


TRANSISTOR 

Germanium p-n-p type used for 
low-power radio-frequency ampli- 
fier applications in thè vhf range 
in industriai and military equipment. 
JEDEC No. TO-18 package; outline 
12. Outlines Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 
Collector-to-Emitter Voltage (with base open) 
Emitter-to-Base Voltage (with collector open) 

Collector Current . 

Transistor Dissipation : 

At ambient temperatures up to 25 C . 

At ambient temperatures above 25°C . 

Temperature Range: 

Operating (junction) and Storage ... . 

Lead Temperature (for 10 seconds maximum) 


—25 max volts 

—15 max volts 

—1 max ma 

—100 max ma 

100 max mw 

See curve page 80 

-65 to 100 °C 

235 max °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma — 0.1 

and emitter current = 0) ■■■■■■■■ . ;■*.:■■■■ nn ' ■ — ni 

Collector-to-Emitter Breakdown Voltage (with collector ma — 0.1 

and base current = 0) .• ■ ■ ... ,.* 

Emitter-to-Base Breakdown Voltage (with emitter ma — 0.1 
and collector current = 0) ■■■■■■■ v 1 ‘’i*? * ‘ ' 

Collector-Cutoff Current (with collector-to-base volts _ -12 
and emitter current = 0) . 


-25 min volts 
-15 min volts 


In Common-Base Circuit 

Output Capacitance (with collector-to-base volts = -10, 
emitter current = 0, and frequency = 140 kilocycles) . .. 
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In Common-Emitfer Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —10 and collector ma = —1) . 20 to 150 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 

emitter volts = —6, collector ma = —1, and frequency = 10 Me) 20 to 28 
Base Spreading Resistance (with collector-to-emitter volts 

= —10, collector ma = —1, and frequency = 250 Me) . 250 ohms 

High-Frequency Input Impedance (with collector-to-emitter volts 

= —9, collector ma = —1, and frequency = 250 Me) . 50 to 250 ohms 

Small-Signal Power Gain (with collector-to-emitter volts = —9, 

collector ma = —1, and frequency = 30 Me) . 10 min db 

V 


POWER TRANSISTOR 



Silicon n-p-n type used in a 
wide variety of switching and am¬ 
pi ifier applications in industriai 
equipment. It is used in power- 
switching, dc-to-dc converter, in¬ 
verter, chopper, and relay-control 


2N2338 


circuits; in oscillator, voltage- and current-regulator circuits; and in de and 


servo amplifier circuits. JEDEC No. TO-36 package; outline 14, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With emitter-to-base volts = 1.5 . 

With base open .. 

Emitter-to-Base Voltage (with collector open) 

Collector Current .;. 

Base Current . 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At case temperatures above 25 °C . 

Temperature Range: 

Operating (junction) and Storage . 


60 max volts 

60 max volts 

40 max volts 

6 max volts 

7.5 maxamperes 
5 maxamperes 

150 max watts 

See curve page 80 

-65 to 200 e C 


CHARACTERISTICS 


Collector-to-Emitter Voltage (with emitter-to-base volts = 1.5 

and collector ma = 2) . 60 min volts 

Collector-to-Emitter Sustaining Voltage (with base open and 

collector ma = 200) . 40 min volts 

Base-to-Emitter Voltage (with collector-to-emitter volts = 4 

and collector amperes = 3) . 3 max volts 

Collector-to-Emitter Saturation Voltage: 

With collector amperes = 6 and base ampere = 1 . 3.5 max volts 

With collector amperes = 3 and base ampere = 0.3 . 1.5 max volts 

Collector-Cutofì Current : 

With collector-to-emitter volts = 30 and base current = 0 . .. 5 max ma 

With collector-to-emitter volts = 60 and base-to-emitter volts 

= —1.5 . 2 max ma 

With collector-to-emitter volts = 30, base-to-emitter volts 

= —1.5, and case temperature = 200°C . 50 max ma 

With collector-to-base volts = 30, emitter current = 0, and 
case temperature = 

25°C 0.2 max ma 

150°C . 3 max ma 

Emitter-Cutoff Current (with emitter-to-base volts = 6 

and collector current = 0) 0.1 max ma 

Thermal Time Constant .... 30 msec 

Thermal Resistance: 

Junction-to-case ........ 1.17 max °C/watt 


In Common-Base Circuit 


Collector-to-Base Capacitance (with collector-to-base volts = 40, 

emitter current = 0> and frequency = 0.1 Me) .. 600 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio; 

With bollector-to-emitter volts = 4 land collector amperes = 3 15 to 60 

With collector-to-emitter volts = 4 and collector amperes = 6 7 min 
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Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = 4, collector ampere = 0.5, and frequency = 1 

kilocycle) . 12 to 72 

Small-Signal Forward-Current-Transfer-Ratio Cutofì Frequency 
(with collector-to-emitter volts = 4 and collector amperes 

— 5) . 15 min kc 

Co llector-to-Emitter Saturation Resistance (with collector 

amperes = 3 and base ampere = 0.3) . 0.5 max ohm 


TYPICAL COLLECTOR CHARACTER1STICS 



TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT BELOW 


DC Collector Supply Voltage (Vco) . 

DC Base Supply Voltage (Vbb) . 

On DC Collector Current (le) . 

Tum-On DC Base Current (Ibi) . 

Base-Circuit Resistance (Rbi or Rb 2 ) 
Collector-Circuit Resistance (Re) - 


Switching Time: . 

On time (Delay time td plus rise time tr) . 
Off time (Storage time t a plus fall time ti) 


24 

—6 

10 

2 

10 

2 

4 

7 


volts 

volts 

amperes 

amperes 

ohms 

ohms 

[isec 

/isec 


TYPICAL BASE CHARACTER1STICS 

- 1 - 1 - 1 - 1 - 1 - 1 - 1 - 

TYPE 2N2338 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS =4 
CURVE | CASE TEMPERATURE—°C 


Ld 

CE 

UJ 

Z 1000 
< 

_J_ 

I* 1 



25 

-65 

175 

J/lA 

i 

- 

z 









(/> 500 

m 



* 

Y 





250 


^2 








a I 2 3 

BASE-TO-EMITTER VOLTS 

92CS-II568T 
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POWER TRANSISTOR 



Silicon n-p-n type used in a 
wide varie ty of switching and ampli- 
fìer applications in industriai equip- 
ment. It is used in power-switching, 
dc-to-dc converter, inverter, chop¬ 
per, and relay-control circuits; in 


2N2339 


oscillator, voltage- and current-regulator circuits; and in de and servo ampli- 
fìers* circuits. This type has an offset pedestal, stud-mounted arrangement 


which provides heat-sink contact. Outline 28, Outlines Section. For curves of 


typical collector characteristics and base characteristics, refer to type 2N2338. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (with emitter open) .. 60 max volts 

Collector-to-Emitter Voltage: 

With emitter-to-base volts — 1.5 . 60 max volts 

With base open . 40 max volts 

Emitter-to-Base Voltage (with collector open) . 6 max volts 

Collector Current . 2.5 max amperes 

Base Current .,. 1 max ampere 

Transistor Dissipation: 

At case temperatures up to 25°C . 40 max watts 

At case temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating ( junction) and Storage . —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) . 255 max °C 

CHARACTERISTICS 

Collector-to-Emitter Voltage (with emitter-to-base volts = 1.5 

and collector ma = 0.75) . 60 min volts 

Collector-to-Emitter Sustaining Voltage (with base open and 

collector ma = 100) .. 40 min volts 

Base-to-Emitter Voltage (with collector-to-emitter volts = 4 and 

collector ampere = 0-3 ) . 3 max volts 

Collector-to-Emitter Saturation Voltage: 

With collector amperes = 1.5 and base ampere = 0.3 . 9 max volts 

With collector ampere = 0 3 and base ampere = 0.03 . 1.5 max volts 

Collector-Cutoff Current : 

With collector-to-emitter volts = 30 and base current = 0 .. .. 3 max ma 

With collector-to-emitter volts = 60 and base-to-emitter volts 

= —1.5 . 0.75 max ma 

With collector-to-emitter volts = 30, base-to-emitter volts 

= —1.5, and case temperature = 200°C . 20 max ma 

With collector-to-base volts = 30, emitter current = 0, and 
case temperature = 

25°C . 0.1 max ma 

150°C . 1.5 max ma 

Emitter-Cutoff Current (with emitter-to-base volts = 6 and 

collector current = 0) . 0.05 max ma 

Thermal Time Constant . 10 msec 

Thermal Resistance: 

Junction-to-case ... 7 max °C/watt 

Junction-to-ambient .. 100 max °C/watt 


In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 40, 

emitter current = 0, and frequency = 0.1 Me) . 300 max pf 

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency 

(with collector-to-base volts = 28 and collector ma = 5) .... 1 Me 


In Common-Emitter Circuit 


DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 4 and collector ampere = 0.3 20 to 80 

With collector-to-emitter volts = 4 and collector ampere = 1.5 6 min 

Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 4, collector ampere = 0.1 

and frequency = 1 kilocycle . 12 to 84 

With collector-to-emitter volts = 28, collector ampere = 

0.02, and frequency = 0.1 Me . 7 min 

Collector-to-Emitter Saturation Resistance (with collector 
ampere = 0.3 and base ampere = 0.03) . 5 max ohms 
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW 

DC Collector Supply Voltage (Vcc) .. 

DC Base Supply Voltage (Vbb) . 

Generator Resistance .. 

On DC Collector Current (le) ... 

Tum-On DC Base Current (Ibi) .. 

Tum-Off DC Base Current (IB 2 ) ... 

Switching Time: 

Delay time (tu) ... 

Rise time (tr) . 

Storage time (t a ) .. 

Fall time (tf) ......... . 


12 

volts 

—8.5 

volts 

50 

ohms 

750 

ma 

65 

ma 

—35 

ma 

0.2 

psec 

1 

tisec 

0.8 

Atsec 

1.1 

psec 



Vbb = 8.5 volts 
Vco =12 volts 
Ri =50 ohms, 1 watt 
R 2 = 220 ohms, 1 watt 
R 3 = 15.9 ohms, 2 watts 


92CS-I0427R2 


POWER TRANSISTOR 

Silicon n-p-n type used in a wide 0 a 

variety of small-signal and medium- __T 

OKlOAfìlC power switching applications in in- / v \ 

XllNx.HfU'tJ dustrial and military equipment. It f V a 

features high collector-to-emitter e 
sustaining voltage, low leakage char- 

acteristics, high switching speeds, and a high de forward current-transfer ratio. 
JEDEC No. TO-5 package; outline 6, Outlines Section. For curve of typical 
transfer characteristics, refer to type 2N1893. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with base-to-emitter reverse bias 

= 1.5 volts) . 120 max volts 

Collector-to-Base Voltage (with emitter open) . 120 max volts 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance = 10 ohms or less .. 140 max volts 

With external base-to-emitter resistance = 500 ohms . 120 max volts 

Collector-to-Emitter Voltage (with base open) . 90 max volts 

Emitter-to-Base Voltage (with collector open) . 7 max volts 

Collector Current . 1 max ampere 

Transistor Dissipatìon: 

At case temperatures up to 25°C . 5 max watts 

At ambient temperatures up to 25°C . 1 max watt 

At case or ambient temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating (junction) and Storage . —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) . 255 max °C 


120 max volts 
120 max volts 

140 max volts 
120 max volts 
90 max volts 
7 max volts 
1 max ampere 

5 max watts 
1 max watt 
See curve page 80 

—65 to 200 °C 

255 max °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) . 

Collector-to-Emitter Saturation Voltage: 

With base ma = 15 and collector ma = 150 ... 

With base ma = 5 and collector ma = 50 . 

Base-to-Emitter Saturation Voltage: 

With base ma = 15 and collector ma = 150 . 

With base ma = 5 and collector ma = 50 .... 


0.5 max 
0.2 max 


1.1 max 
0.9 max 
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Collector-to-Emitter Sustaining Voltage: 

With base current = 0 and pulsed collector ma = 100* . 90 min volts 

With base current = 0 and pulsed collector ma = 30* . 90 min volti 

With external base-to-emitter resistance = 10 ohms and 

pulsed collector ma = 100* . 140 min volte 

With external base-to-emitter resistance = 5ÒÓ " ohms'and. 

pulsed collector ma = 100* . 120 min volte 

Collector-CutofT Current: . iduram volts 

With case temperature = 25°C, collector-to-base volts = 90. 

and emitter current = 0 . 0 01 max 

With case temperature = 150°C, collector-to-base volts"= 90.’ * ^ 

and emitter current = 0 . 

Emitter-Cfttoff Current (with emitter-to-base ' volts’ = 5 ' and ‘ ’ ' 

collector current = 0) . n ni 

Thermal Resistance: . 0.01 max p a 

Junction-to-case . 25 m»r/ wa tt 

Junction-to-ambient .!. ! ! !.'! !.'! ! ! ! 175 Sax “C/watt 

* Pulse duration = 300 /isec, duty factor = 0.018 

In Common-Base Circuit 

Input Resistance at 1 kilocycle: 

With collector-to-base volts = 5 and collector ma = 1 .. 24 to 34 ohmq 

With collector-to-base volts = 10 and collector ma = 5 4 to 8 ohmÌ 

Emitter-to-Base Capacitance (with emitter-to-base volts ="o'5 ohms 

and collector current = 0) . finmaY 

Collector-to-Base Capacitale (with collector-to-base "volts'= ió p 

and emitter current = 0) . - 

Output Conductance at 1 kilocycle: .. io max pt 

With collector-to-base volts = 5 and collector ma = 1 . 0 5 max itmho 

With coUector-to-base volts = 10 and collector ma = 5 0 5 max £mho 

Small-Signa 1 Open-Circuit Reverse Voltage-Transfer Ratio at ' 5 

1 Kilocycle: 

With coUector-to-base volts = 5 and collector ma = 1 . 3 x IO- 4 

With collector-to-base volts = 10 and collector ma = 5 ..... 3 x 10-* 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

Wlth ™i ector_to- emitter volts = 10 and pulsed collector ma 

-— OÌ/v . * 

W = h 1 c 5 ° 0 1 i ector - t °- emitter volts = l(j and pulsed' collector * ma 

With collector-to-emitter volts = iò and collector ma = ÌÓ . . ** 2 35 min 

With collector-to-emitter volts = 10, collector ma = 10, and 
case temperature = —55°C .. 

Forward Current-Transfer Ratio’:. min 

With collector-to-emitter volts = 5, collector ma = 5, and 

= 1 kilocycle . 50 +o 275 

With collector-to-emitter volts = 10, collector ma "="50, "and 

. frequency = 20 Me . ' fiTriìn 

Noise Figurc (with collector-to-emitter volts'= 10, "colìector ma 
“ 0.3 generator resistance = 500 ohms, Circuit bandwidth 
= 15 kilocycles, and signal frequency = 1 kilocycle) ...... 6max db 

* Pulse duration = 300 psec, duty factor = 0.018 


TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 9ECM-JI647T 
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2N2475 


TRANSISTOR 

Silicon n-p-n type used in ultra- 
high-speed logic-circuit applications 
in data-processing equipment. Pack¬ 
age is similar to JEDEC No. TO-18; 
outline 27, Outlines Section. 



MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 15 max volts 

Collector-to-Emitter Voltage (with base open) . 6 max volts 

Emitter-to-Base Voltage (with collector open) . 4 max volts 

Transistor Dissipation: 

At case temperatures up to 100 °C . 500*max mw 

At ambient tempera tures up to 25° C . 300 max mw 

At ambient temperatures above 25°C . See curve page 80 

Temperature Range: ,,, „ nn 

Storage . —65 to 300 

Operating (junction) . —65 to 200 

Lead Temperature (for 10 seconds maximum) . 300 max 

* This rating must be reduced by 5 mw per °C for case temperature above 100°C. 


CHARACTERISTICS 

Base-to-Emitter Saturation Voltage (with collector ma = 20 

and base ma = 0.66) ...• ■ 0-8 to 1.0 

Collector-to-Emitter Saturation Voltage (with collector ma — 20 

and base ma = 0.66) .,... 04 max 

Collector-Cutoff Current (with collector-to-base volts = 5 

and emitter current = 0) .. max 

In Common-Base Circuit 


Output Capacitance (with collector-to-base volts = 5, emitter 

current = 0, and frequency = 140 kilocycles) ... 

Input Capacitance (with emitter-to-base volts = 0.5, collector 
current = 0, and frequency = 140 kilocycles) . 


In Common-Emitfer Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = 2, collector ma = 20, and frequency = 100 Me) 
DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 0.3 and collector ma — 1 .. 

With collector-to-emitter volts = 0.5 and collector ma = 50 

With collector-to-emitter volts = 0.4 and collector ma = 20 


20 min 
20 min 
30 to 150 


TRANSISTOR 

Silicon n-p-n type used in core- 
driving and line-driving applications 
requiring exceptionally fast switch- 
XnMj&4/0 ing speeds at high currents. JEDEC 
No. TO-5 package; outline 6, Out¬ 
lines Section. This type is identica! 
with type 2N2477 except for thè following items: 



CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = 150 and base ma = 7.5 . 

With collector ma = 500 and base ma = 50 ...... 

Base-to-Emitter Voltage (with collector ma = 150 
and base ma = 7.5) . 


In Common-Emitfer Circuit 


0-4 max 
0.75 max 


DC Forward Current-Transfer Ratio , 

(with collector-to-emitter volts = 0.4 and collector ma _ 150) 
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TRANSISTOR 

Silicon n-p-n type used in core- 
driving and line-driving applications 
requiring exceptionally fast switch- 
ing speeds at high currents. JEDEC 
No. TO-5 package; outline 6, Out¬ 
lines Section. 


2N2477 


MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) .. 
Collector-to-Emitter Voltage (with base open) .. 
Emitter-to-Base Voltage (with collector open) . . 
Transistor Dissipation : 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . 

At case or ambient temperatures above 25°C 
Temperature Range: 

Operating (junction) . 

Storage . 

Lead Temperature (for 10 seconds maximum) .. 


CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 

With collector ma = 150 and base ma = 3.75 . 

With collector ma = 500 and base ma = 50 . 

Base-to-Emitter Voltage (with collector ma = 150 

and base ma = 3.75) . 

Collector-Cutoff Current (with collector-to-base volts = 30 
and emitter current = 0) . 


In Common-Base Circuit 


Output Capacitance (with collector-to-base volts = 10, 

emitter current = 0, and frequency = 140 kilocycles) . 

In Co mmon-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 0.4 and collector ma = 150) . 

Small-Signal Forward Current-Transfer Ratio (with collector-to- 
emitter volts = 10, collector ma = 50, and frequency = 100 Me) 


60 max volts 

20 max volts 

5 max volts 

2 max watts 

0.6 max watt 

See curve page 80 

-65 to 200 °C 

-65 to 300 °C 

300 max °C 


0.4 max 
0.65 max 


TRANSISTOR 

©b Germanium n-p-n type used for 

_ low-power radio-frequency ampli- 

f fìer applications in thè vhf range in 

nyJ y \ \ ^ industriai and military equipment. 

^'yc JEDEC No. TO-18 package; outline 
12, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage (with emitter open) . 

Collector-to-Emitter Voltage (with base open) . 

Emitter-to-Base Voltage (with collector open) . 

Collector Current . 

Transistor Dissipation: 

At ambient temperatures up to 25°C . 

At ambient temperatures above 25°C . 

Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 

Collector-to-Emitter Breakdown Voltage (with collector ma = 2 

and base short-circuited to emitter) . 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) . 

Collector-Cutoff Current (with collector-to-base volts = 6 
and emitter current = 0) . 


2N2482 


20 max volts 

12 max volts 

3 max volts 

100 max ma 

150 max mw 

See curve page 80 

-65 to 100 °C 

235 max °C 


20 min volts 

15 min volts 


3 min volts 
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In Common-Base Circuit 

Output Capacitarle (with collector-to-base volts = 6, 

emitter current = 0, and frequency = 140 kilocycles) . 

Collector-to-Base Time Constant (with collector-to-base volts 
= 6 * collector ma = 2, and frequency = 31.9 Me) . 


4.5 max pf 
0-3 max jusec 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = 6 and collector ma = 2) 
mall-Signal Forward Current-Transf er Ratio : 

With collector-to-emitter volts = 6, collector ma = 2 

and frequency = 1 kilocycle. 

With collector-to-emitter volts = 1Ò, collector ma = ÌÒ’. 

and frequency = 100 Me 

With collector-to-emitter volts z= i.7, collector ma =' 85,. 

and frequency = 100 Me . . 

Base Spreading Resistance (with coÌÌector-to-emitter volts' =' 6, 

collector ma = 10, and frequency = 250 Me) . 

Noise Figure: 

With collector-to-emitter volts = 6, collector ma = 2, 

and frequency =z 30 Me . 

With collector-to-emitter volts = 6, collector ma ' = 2, ' ’ 

and frequency = 100 Me . 

Small-Signal Power Gain: 

With collector-to-emitter volts = 6, collector ma = 2, 

and frequency = 30 Me . 

With collector-to-emitter volts = 6, collector ma = 2, 

and frequency = 100 Me . 

With collector-to-emitter volts zz 12, collector ma =z ÌÒ, 

and frequency = 200 Me . 

Power Output as Class A Amplifìer (with collector-to-emitter 
volts = 12, collector ma = 30, signal input = 6.5 mw, and 
frequency = 70 Me) . 


25 to 200 

15 to 175 
10 

3 min 
30 

5 

6 

25 

12 

8 

150 


ohms 

db 

db 

db 

db 

db 

mw 


TRANSISTOR 


Germanium p-n-p type used in 
a wide variety of small-signal and /^l \ 

0M0A1Q low-power applications in high- _ / j * v 

I ^ quality af-amplifier equipment. It vv~K/ 

is a low-noise high-gain type in- E \. J 

tended primarily for use in thè input ^-^ 

and low-level stages of equipment having stringent performance requirements 
at low idling-current levels (0.3 to 0.7 milliampere). It can also be used in 
thè input stages of phonograph amplifìers using either ceramic or magnetic 
pickups, tape recorders and players, microphone amplifìers, and other similar 


applications. It features a high small-signal forward current-transfer ratio, 


excellent linearity over thè entire range of collector current, high cutofì: fre¬ 
quency, low saturation currents, and uniform gain characteristics over thè en¬ 
tire audio-frequency spectrum. JEDEC No. TO-1 package; outline 4, Outlines 
Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage . 

ColIector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10000 ohms) . 

Emitter-to-Base Voltage . 

Collector Current . 

Emitter Current . 

Transistor Dissipation : 

At ambient temperatures up to 55 °C . 

At ambient temperatures above 55°C . 

Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with emitter-to-base 

volts = —2 and collector ma = —0.05) . —30 min volts 


—30 max volts 

—25 max volts 

—25 max volts 

—50 max ma 

50 max ma 

120 max mw 

Derate 2.6 mw/°C 

—65 to 100 °C 

255 max °C 
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Collector-to-Emitter Breakdown Voltage (with collector ma 
— —1 and external base-to-emitter resistance = 10000 ohms) . . —25 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = —0.05 

and collector current = 0) . —25 min volts 

Collector-Cutofì Current (with collector-to-base volts z= —20 

and emitter current = 0) . —5 max jaa 

Emitter-Cutofì Current (with emitter-to-base volts = —20 

and collector current = 0) . —7.5 max fio. 

Extrinsic Base-Lead Resistance (measured at 20 Me with 

collector-to-emitter volts = —4.5 and collector ma = —0.5) .. 300 ohms 


In Common-Emitter Circuit 


Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = —4, colector ma = —0.5, and frequency 

= 1 kilocycle) . 120 min 

Small-Signal Forward-Current Transfer-Ratio Cutofì Frequency 

with collector-to-emitter volts = —4.5 and collector ma = —0.5) 10 typ Me 

• Noise Figure (with collector-to-emitter volts = —4.5, collector 
ma z= —0.5, generator resistance = 1000 ohms, Circuit band- 

width = 1.1 kilocycle, and signal frequency = 1 kilocycle) .. 4 max db 

Collector-to-Base Feedback Capacitance (with collector-to- 

emitter volts = —4.5 and collector ma = —0.5) . 10 pf 

Equivalent RMS Noise Input Current for thè 20- to 20000- 
cps frequency range (with collector-to-emitter volts = 

—4.5, collector ma = —0.5, and external base-to-emitter 

resistance = 50000 ohms) . 0.001* max v&. 


* At ambient temperatures above 25°C, value may be higher. 



COULECTOR-TO-EMITTER VQUTS S2gM-JIS54r 
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2N2614 


TRANSISTOR 

Germanium p-n-p type used in 
a wide variety of small-signal and 
low-power applications in high- 
quality audio-frequency amplifìer 
equipment. It is intended primarily 
for use in low-to-medium-level 



audio-amplifìer and driver stages. It features a high small-signal forward 
current-transfer ratio, excellent linearity over thè entire range of collector 
current, high cutoff frequency, low saturation currents, and uniform gain 
characteristics over thè entire audio-frequency spectrum. JEDEC No. TO-1 
package; outline 4, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage . 

Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10000 ohms) . 

Emitter-to-Base Voltage . 

Collector Current . 

Emitter Current . 

Transistor Dissipation : 

At ambient temperatures up to 55°C . 

At ambient temperatures above 55°C . 

At case temperatures up to 55°C with infinite heat sink . . 

At case temperatures above 55°C with infinite heat sink .. 

At case temperatures up to 55°C with typical heat sink .. 

At case temperatures above 55°C with typical heat sink .. 

Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 


—40 max voits 

—35 max volte 
—25 max volte 
—50 max ma 
50 max ma 

120 max mw 
Derate 2.6 mw/°C 
300 max mw 
Derate 6.67 mw/°C 
225 max mw 
Derate 5 mw/°C 

—65 to 100 °C 

255 max q C 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with emitter-to-base 

volte = —2 and collector ma = —0.05) . —40 min volte 

Collector-to-Emitter Breakdown Voltage (with collector ma 

= —1 and external base-to-emitter resistance = 10000 ohms) .. —35 min volte 

Emitter-to-Base Breakdown Voltage (with emitter ma = —0.05 

and collector current = 0) —25 min volte 

Collector-Cutoff Current (with collector-to-base volts = —20 

and emitter current — 0) . —5 max fia 

Emitter-Cutoff Current (with emitter-to-base volts = —20 

and collector current = 0) . —7.5 max (ia 

Extrinsic Base-Lead Resistance (measured at 20 Me with 

coHector-to-emitter volts = —6 and collector ma —1) . 300 ohms 


In Common-Emitter Circuit 


Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = —6, collector ma = —1 and frequency 

1 kilocycle) . 100 min 

Small-Signal Forward-Current Transfer-Ratio Cutoff Frequency 

(with collector-to-emitter volts = —6 and collector ma = —1) 10 Me 

Collector-to-Base Feedback Capacitance (with collector-to- 

emitter volte = —6 and collector ma = —1) . 9 pf 


TYPICAL TRANSFER CHARACTERISTIC 



«C3HIM5TI 
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TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92QM-II936T 


PI fER TRANSISTf , 


© a Silicon n-p-n type used in a wide 

_ variety of large-signal high-power 

f vhf applications in military and in- OKI # H l & J ) > l > 

Q l ii \ \ q dustrial Communications equipment. XlNXOO A 

£ V 'j c It is intended primarily for use in 

AM, FM, and CW circuits at fre- 

quencies up to 150 megacycles. It features high power output and high voltage 
ratings. This type is 100-per-cent tested to assure freedom from second break¬ 
down in class A operation at maximum ratings. JEDEC No. TO-39 package; 
outline 32, Outlines Section. This type is identical with type 2N2876 except 
for thè following items: 


MAXIMUM RATINGS 


Collector Current .*. 1.5 max amperes 

Transistor Dissipation: 

At case temperatures up to 25°C . 8.75 max watts 

At case temperatures above 25°C . See curve page 80 


SAFE OPERATING REGION 



COLLECTOR-TO-EMITTER volts 

92CS-12039T 
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CHARACTERJSTICS 

Collector-to-Emitter Saturation Voltage (with base ma = 300 

and collector amperes = 1.5) . . 1 max volt 

In Common-Bmiffer Circuit 

Unneutralized RF Power Output (with load and generator 
impedance = 50 ohms) : 

With collector-to-emitter volts = 28, collector ma = 375, 

and frequency — 50 Me ... „ 7.5* min watts 

With collector-to-emitter volts = 28, collector ma = 275, 

and frequency = 150 Me ...... 0 c 3* min watts 

* Input power = 1 watt. 


POWER TRANSISTOR 


2N2708 


Silicon n-p-n type used in a wide 
variety of vhf and uhf applications. 
It is intended primarily for use in 
amplifìer, mixer, and oscillator ap¬ 
plications in thè frequency range 
from 200 to 500 megacycles. It uses 



a four-lead package which has thè same dimensions as thè TO-18 package. 
Outline 31, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .........35max volts 

Collector-to-Emitter Voltage . 20 max volts 

Emitter-to-Base Voltage . 3 max volts 

Collector Current ... Limited by power 

dissipation 

Transistor Dissipation: 

At ambient temperatures up to 25°C ..... . 200 max mw 

At ambient temperatures above 25°C .. See curve page 80 

Temperature Range: 

Operating (junction) and Storage ..... —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) .. 230 max °C 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector /z a = 1 

and emitter current = 0) . 35 min volts 

Collector-to-Emitter Breakdown Voltage (with pulsed collector 

ma = 3* and base current = 0) . 20 min volts 

Emitter-to-Base Breakdown Voltage (with emitter /za = 10 

and collector current = 0) . 3 min volts 

Collector-Cutoff Current: 

With ambient temperature — 25° C, collector-to-base volts = 15 e 

and emitter current — 0 . 0.01 max /za 

With ambient temperature = 150°C, collector-to-base volts = 

15, and emitter current = 0 . 1 max /za 


In Common-Base Circuii 

Emitter-to-Base Capacitance** (with emìtter-to-base volts 
= 0.5, collector current — 0, and frequency = 140 kilocycles) . 1.4 pf 

Collector-to-Base Capacitance** (with collector-to-base volts 
— 15, emitter current = 0, and frequency = 140 kilocycles) . 1.5 max pf 

Collector-to-Base Time Constant*** (with collector-to-base volts 

= 15, collector ma = 2, and frequency = 31.9 Me) ... 15 to 33 psec 


In Common-Bmiffer Circuii 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts — 2 and collector ma = 2) . 30 to 200 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = 15, collector ma = 2, and frequency 

= 1 kilocycle) . 30 to 180 

Noise Figure (with collector-to-emitter volts = 15, collector ma 

= 2, source resistance = 50 ohms, and frequency = 200 Me) .. 8.5 max db 

Transconductance (with collector-to-emitter volts = 15, collector 
ma = 2, and frequency = 200 Me) . 25 mmho 
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Small-Signal Common Emitter Power Gain with collector-to- 
emitter vqlts = 15, collector ma — 2, and frequency = 200 Me: 


Neutralized . 15 to 22 db 

Unneutralized . 12 db 

Magnitude of Small-Signal Forward Current-Transfer Ratio 

(with collector-to-emitter volts =: 15, and collector ma = 2) . . 7 to 12 


* Pulse duration = 300 /zsec or less; duty factor = 0.01 or less. 
** With lead No. 4 (case) not connected. 

*** Lead No. 4 (case) grounded. 


POWER TRANSISTOR 


/'■'T'N. Silicon n-p-n type used in a wide 

f y * \ ~ \ - variety of uhf applications in indus- 
'/q trial and military equipment. It is 
^ used primarily in low-noise ampli- 

fier, oscillator, and converter circuits. 

(V)cAse When operated in thè/ common- 

emitter confìguration, it is useful up to 500 megacycles; in thè common-base 
confìguration, up to 1200 megacycles. This type features a high gain-bandwidth 
product, high converter gain, high power gain as a neutralized amplifìer, high 
power output as a uhf oscillator, low noise figure, and a low collector-to-base 
time Constant. It uses a four-lead package which has thè same dimensions as 
thè TO-18 package. (The fourth lead may be used to ground thè case in ap¬ 
plications requiring shielding of thè device.) Outline 31, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage . 30 max volts 

Collector-to-Emitter Voltage . 15 max volts 

Emitter-to-Base Voltage . 2.5 max volts 

Collector Current . 20 max ma 

Transistor Dissipation: 

At ambient temperatures up to 25°C . 200 max mw 

At ambient temperatures above 25°C . See curve page 80 

At case temperatures up to 25°C (with heat sink) . 300 max mw 

At case temperatures above 25°C (with heat sink) . See curve page 80 

Temperature Range: 

Operating (junction) and Storage .—65 to 200 °C 

Lead Temperatine (for 10 seconds maximum) . 230 max °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma 

= 0.001 and emitter current = 0) . 30 min volts 

Collector-to-Emitter Breakdown Voltage (with collector ma 

— 3 and base current = 0) . 15 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma 

— 0.01 and collector current — 0) . 2.5 min volts 

Collector-Cutoff Current (with collector-to-base volts = 15 

and emitter current = 0) . 0.01 max /za 


30 max volts 
15 max volts 
2.5 max volts 
20 max ma 

200 max mw 
See curve page 80 
300 max mw 
See curve page 80 


30 min volts 
15 min volts 


2.5 min volts 


In Common-Base Circuit 


Emitter-to-Base Capacitance* (with emitter-to-base volts — 0.5, 

collector current = 0, and frequency = 0.140 Me) . 

Collector-to-Base Capacitance** (with collector-to-base volts 

— 10, emitter current = 0, and frequency 0.140 Me) . 

Collector-to-Base Time Constant* (with collector-to-base volts 

— 6, collector ma = 2, and frequency = 31.9 Me) . 

Power Output as oscillator (with collector-to-base volts = 10, 

emitter ma = 12, and frequency = 500 Me) . 


In Common-Bmiffer Circuit 


DC Forward Current-Transfer Ratio (with collector-to-emitter 

volt = 1 and collector ma = 3) . 30 to 150 

Small-Signal Forward Current-Transfer Ratio* (with collector- 
to-emitter volts = 6, collector ma = 2, frequency = 0.001 Me) 50 to 220 
Noise Figure** (with collector-to-emitter volts = 6, collector 
ma = 1-5, frequency = 450 Me, and source resistance = 

50 ohms) . 4.5 max db 
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Small-Signal Common-Emitter Power Gain (with collector-to - 

emitter volts = 6, collector ma = 1.5, and frequency = 450 Me) 12.5 to 19 

* Fourth Lead (case) not connected. 

** Lead No. 4 grounded. 

POWER TRANSISTOR 


Germanium p-n-p type used in 
/ a wide variety of af power-amplifìer 
07/ and large-signal applications in f p*/ "'N 

0M7A1 commercial, industriai, and military v ) 

A.I I equipment. It is used in class A and £@ 

class B af-output-amplifìer stages of 

automobile radio receivers and mobile Communications equipment. It provides 
excellent dc-to-dc and dc-to-ac power conversion. This type features high 
breakdown voltage, low saturation voltage, high large-signal beta, and a high 
dissipation capability. JEDEC No. TO-3 package; outline 5, Outlines Section. 

MAXIMUM RAl'INGS 


Collector-to-Base Voltage . —60 max volts 

Collector-to-Emitter Voltage . —50 max volts 

Emitter-to-Base Volts . —10 max volts 

Collector Current . —10 max amperes 

Emitter Current . 10 max amperes 

Base Current . —3 max amperes 

Transistor Dissipation: 

At mounting-flange temperatures up to 55°C . 30 max watts 

At mounting-flange temperatures above 55°C . Derate 0.66 watt/°C 

Temperature Range: 

Operating ( junction) and Storage .—65 to 100 

Lead Temperature (for 10 seconds maximum) . 255 max 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = —5 

and emitter current = 0) . —60 min 

Collector-to-Emitter Breakdown Voltage (with collector ma 

= —600 and base current = 0) . —50 min 

Emitter-to-Base Breakdown Voltage (with emitter ma = —2 

and collector current = 0) . —10 min 

Collector-to-Emitter Saturation Voltage (with collector amperes 

= —10 and base ampere = —1) . —0.75 max 

Base-to-Emitter Voltage (with collector-to-emitter volts = —2 

and collector ampere = —1) . —0.5 max 

Collector-CutofT Current (with collector-to-base volts — —30 

and emitter current = 0) . —0.5 max 

Collector-CutofT Saturation Current (with collector-to-base 
volts = —0.5 and emitter current = 0) . —0.1 max 


—50 min 
—10 min 
—0.75 max 
—0.5 max 
—0.5 max 
—0.1 max 


In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = —2 and collector ampere = —1) . 

Gain-Bandwidth Product (with collector-to-emitter volts = —2 
and collector ampere = —1) .. 


50 to 165 
450 


TYPICAL TRANSFER CHARACTERISTIC 


TYPICAL TRANSFER CHARACTERISTIC 



TYPE 2N2869/2N30I 
COMMON-EMITTER CIRCUIT, BASE II 
MOUNTING-FLANGE TEMPERATURE 
COLLECTOR-TO-EMITTER VOLTS 

MPUT 
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TYPICAL OPERATION IN CLASS A t AF POWER AMPLIFÌER CIRCUIT 

Mounting-flange temperature of 80°C 


DC Supply Voltage . —14.4 volts 

DC Collector-to-Emitter Voltage . —12.2 volts 

DC Base-to-Emitter Voltage . —0.35 volt 

Zero-Signal Collector Current . —0.9 ampere 

Signal Frequency . 400 cps 

Signal-Source Impedance . 10 ohms 

Load Impedance . 15 ohms 

Power Gain . 38 db 

Maximum-Signal Power Output . 5 watts 

Circuit Efficiency (at power output of 5 watts) . 45 per cent 

Maximum Total Harmonic Distortion (at power output of watts) 5 per cent 

Zero-Signal Collector Dissipation . 11 watts 


TYPICAL OPERATION IN CLASS B PUSH-PULL 
AUDIO POWER-AMPLIFIER CIRCUIT 

Mounting-flange temperature of 80°C; values are for two transistors except as noted 


DC Supply Voltage . —14.4 volts 

Zero-Signal DC Base-to-Emitter Voltage . —0.13 volt 

Zero-Signal DC Collector Current (per transistor) . —0.05 ampere 

Peak Collector current (per transistor) . —2 amperes 

Maximum-Signal DC Collector Current (per transistor) . —0.64 ampere 

Signal Frequency . 400 cps 

Signal-Source Impedance per base . 10 ohms 

Load Impedance per collector . 6 ohms 

Power Gain . 30 db 

Maximum-Signal Power Output . 12 watts 

Maximum Total Harmonic Distortion (at power output of 

12 watts) . 5 per cent 

Circuit Efficiency (at power output of 12 watts) . 67 per cent 

Collector Dissipation () er transistor at power output of 
12 watts) . 3 watts 


TYPICAL COLLECTOR CHARACTERISTICS 



POWER TRANSISTOR 



Germanium p-n-p type used in 
a wide variety of af power-amplifìer 
and large-signal applications in 
commercial, industriai, and military 
equipment. It is used in class A and 
class B af-output-amplifìer stages 


2N2870/ 

2N301A 


of automobile radio receivers and mobile Communications equipment. It pro¬ 
vides excellent dc-to-dc and dc-to-ac power conversion. This type features 


high breakdown voltage, low saturation voltage, high large-signal beta, and a 
high dissipation capability. JEDEC No. TO-3 package; outline 5, Outlines Sec¬ 


tion. This type is identica! with type 2N2869/2N301 except for thè following 


items: 
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MAXIMUM RATINGS 


Collector-To-Base Voltage . —80 max volts 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma ~ —5 

and emitter current = 0) . —80 min volts 

Collector-to-Emitter Saturation Voltage (with collector 

amperes = —10 and base ampere ~ —1) . —0.5 max volt 


1 . /3 


See list of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


power t. j. 1 ììjj- ; : 


Silicon n-p-n type used in a wide b 

variety of large-signal high-power JvL 

0 M 0 fl 7 /à vhf Applications in military and in- f | \ 

dustrial Communications equipment. ©k/ \J© 

It is intended primarily for use in J z 

AM, FM, and CW circuits at fre- ^- ^ 

quencies up to 150 megacycles. It features high power output and high voltage 
ratings. This type is 100 per cent tested to assure freedom from second break¬ 
down in class A operation at maximum ratings. It uses a special stud-mounted 
package which is electrically isolated from all electrodes and designed to pro¬ 
vide excellent performance at high frequencies. Outline 35, Outlines Section. 

MAXIMUM RATINGS 


Collector-to-Base Voltage . 

Collector-to-Emitter Voltage: 

With base open . 

With base-to-emitter volts = 1.5 ... 

Emitter-to-Base Voltage .. 

Collector Current .. 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At case temperatures above 25°C . 

Temperature Range : 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.5 

and emitter current = 0) . 

Collector-to-Emitter Sustaining Breakdown Voltage (with 

pulsed collector ma = 500* and base current =0) . 

Collector-to-Emitter Breakdown Voltage (with base-to-emitter 

volts ~ —1.5 and collector ma = 0.1) . 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current — 0) . 

Collector-to-Emitter Saturation Voltage (with base ma = 500 

and collector amperes = 2.5) . 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current - 0) . 

Collector-to-Case Capacitance . 


80 max volts 

60 max volts 
80 max volts 
4 max volts 
2.5 max amperes 

17.5 max watts 
See curve page 80 

-65 to 200 °C 

230 max °C 


0.1 max 
6 max 


In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts 
= 30, emitter current = 0, and frequency = 140 kilocycles) .. 

In Common-Emitter Circuit 

Base Spreading Resistance (with collector-to-emitter volts = 28, 
collector ma = 250, and frequency = 400 Me) . 
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Gain-Bandwidth Product (with collector-to-emitter volts = 28 

and emitter ma - 250) . 200 Me 

Unneutralized RF Power Output (with load and generator 
impedance.— 50 ohms) : 

With collector-to-emitter volts = 28, collector ma = 500, 

and frequency = 50 Me . 10** min watts 

With collector-to-emitter volts = 28, collector ma = 275, 

and frequency = 150 Me . 3j min watts 

* Pulse duration = 5 jttsec or less; duty factor = 0.01 or less. 

** Input power = 2 watts. 
f Input power - 1 watt. 


SAFE OPERATING REGION 



© JO 20 30 40 50 60 

COLLECTOR-TO-EMITTER VOLTS 

92CS-I2038T 


TRANSISTOR 


© a Silicon n-p-n type used in a wide 

_ variety of small-signal and low-to- 

f medium power applications in mili- 

( 7 ) Lf \ \ (z) tary and industriai equipment. It aIbZO/J 
e \ / c feaures extremely low leakage char- 

acteristics, high pulse beta, high 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
This type has an exceptionally low noise figure of 8 db maximum and offers 
fìve levels of beta control from 0.1 ma to 0.5 ampere. JEDEC No. TO-18 pack¬ 
age; outline 12, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage . 

Collector-to-Emitter Voltage: 

With base open ... 

With base-to-emitter resistance = 10 ohms or less . 

Emitter-to-Base Voltage . 

Collector Current .. 

Transistor Dissipation: 

At case temperatures up to 25°C .. 

At ambient temperatures up to 25° C . 

At case and ambient temperatures above 25°C . 

Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) . 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) . 

Collector-to-Emitter Sustaining Voltage: 

With base open, pulsed collector ma = 100*, and base 

current = 0 . 

With emitter-to-base resistance — 10 ohms, and pulsed 

collector ma = 100* . 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) . 

Base-to-Emitter Saturation Voltage (with pulsed collector 
ma = 150* and base ma = 15) . 


120 max volts 

65 max volts 
80 max volts 
7 max volts 
1 max ampere 

1.8 max watts 
0.5 max watt 
See curve page 80 

—65to 200 *C 

255 max °C 


120 min volts 

7 min volts 


65 min volts 

80 min volts 

0.6 max volt 

1.2 max volts 
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C< wfth°case^ t tem pera ture = 25°C, collector-to-base volts _ 60, q 002 max pa 

With* case'tempera ture = 150°C, collector-to-base volts = 60, 2 max pa 

and emitter current = 0 ... .... ■-■■■■.■ w. 

Emitter-Cutoff Current (with emitter-to-base volts _ 5 0 002 max na 

and collector current = 0 . 

Thermal Resistance: 97 max °C/watt 

Junction-to-case .. 350 max °C/watt 

Junction-to-ambient . 



TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS ©2CM-IU75T 


In Common-Base Circuit 

^^^Q € 5 ~^lj^^or*curren^= e (), Sreq^cy'=HO* kXocycles) . 80 max 

In Common-Emitter Circuit 

DC Forward Current-TransferRatio : , d collec tor 

With collector-to-ermtter volts = 10 and pulsed coliect. 40 to 120 

with collector-to-emitter voits '=' 10 and ' pulsed collector 25 min 

Whh collector -to-emitter volte' =10 and coùectór ma = 0.1 . . §° min 

With casi eC tempemtoe e L -55°C, collector-to-emitter volte ^ 2 0 min 

Small-Si ( gnal ld rorward )r Cu 1 rrent-Transler Ratio: _ 

With collector-to-emitter volts = 5, collector ma — , 50 to 200 

With^ccfllector^tolemitter C volts = 10, collector ma = 50, and ^ 6mta 

frequency = 20 Me . 


Pf 

pf 
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Noise Figure (with collector-to-emitter volts = 10, collector 
ma = 0.3, generator resistance .= 510 ohms, Circuit bandwidth 

= 1 cps, and frequency = 1 kilocycle) . 8 max db 

* Pulse dSraticn = 300 jxsec; duty factor =: 0.018. 


TRANSISTOR 


© s Silicon n-p-n type used in a wide 

_ variety of small-signal and low-to- 

/ \ medium power applications in mili- OMIOQO^. 

0 _/ / \ i __0 tary and industriai equipment. It NIXOifO 

£ V J c features extremely low leakage char- 

acteristics, high pulse beta, high 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
JEDEC No. TO-18 package; outline 12, Outlines Section. For curve of typical 
transfer characteristics, refer to 2N2895. 


MAXIMUM PATINGS 

Collector-to-Éase Voltage . 

Collector-to-Emitter Voltage : 

With base open . 

With base-to-emitter resistance = 10 ohms or less . 

Emitter-to-Base Voltage . 

Collector Current . 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C .. 

At case and ambient temperatures above 25°C . 

Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma 

= 0.1 and emitter current - — 0) ... 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current — o) . 

Collector-to-Emitter Sustaining Voltage: 

With base open, pulsed collector ma = 100*, and base 

current = 0 .. 

With emitter-to-base resistance = 10 ohms, and pulsed 

collector ma = 100* .. 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) .. 

Base-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) ;.. 

Collector-Cutoff Current: 

With case temperature = 25°C, collector-to-base volts = 90, 

and emitter current = 0 . 

With case temperature = 150°C, collector-to-base volts = 90 

and emitter current = 0 . 

Emitter-CutofE Current (with emitter-to-base volts = 5 and 

collector current = 0 . 

Thermal Resistance: 

Junction-to-case . 

Junction-to-ambient . 


140 max volts 

90 max volts 

140 max volts 

7 max volts 

1 max ampere 

1.8 max watts 

0.5 max watt 

See curve page 80 

—€5 to 200 °C 

255 max °C 

140 min volts 

7 min volts 

90 min volts 

140 min volts 

0.6 max volt 

1.2 max volts 

0.01 max fia. 

10 max fia 

0.01 max jxa 

97 max °C/watt 

350 max °C/watt 


In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volt = 0.5, 

collector current = 0, and frequency = 140 kilocycles) . 80 max pf 

Collector-to-Base Capacitance (with collector-to-base volts = 10, 
emitter current = 0, and frequency = 140 kilocycles) . 15 max pf 


In Common-Emitter Circuit 


DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and pulsed collector 

ma — 150* . 60 to 200 

With collector-to-emitter volts = 10 and collector ma = 1 . . .. 35 min 

With case temperature = —55°C, collector-to-emitter volts 

= 10, and collector ma = 10 . 20 min 

Small-Signal Forward Current-Transfer Ratio : 

With collector-to-emitter volts = 5, collector ma = 5, and 

frequency — 1 kilocycle .. 50 to 275 

With collector-to-emitter volts = 10, collector ma = 50, and 
frequency = 20 Me . 6 min 


* Pulse duration = 300 jxsec; duty factor = 0.018. 
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TYPICAL COLLECTOR CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 92CM-I2094T 


TRANSISTOR 


2N2897 


Silicon n-p-n type used in a wide 
variety of small-signal and low-to- 
medium power applications in mili- 
tary and industriai equipment. It 
features extremely low leakage char- 
acteristics, high pulse beta, high 



small-signal beta, very low capacitance, and large gain-bandwidth product. 


JEDEC No. TO-18 package; outline 12, Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage . 

Collector-to-Emitter Voltage: 

With base open . 

Witti base-to-emitter resistance = 10 ohms or less 

Emitter-to-Base Voltage . 

Collector Current . 

Transistor Dissipation : 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . 

At case and ambient temperatures above 25°C ... 
Temperature Range; 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) ... 


60 max volte 

45 max volte 
60 max volte 
7 max volte 
1 max ampere 

1.8 max watts 
0.5 max watt 
See curve page 80 

—65 to 200 °C 

255 max °C 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0 ) . 60 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma — 0.1 

and collector current = 0) . 7 min volts 

Collector-to-Emitter Sustaining Voltage: 

With base open, pulsed collector ma = 100*, and base 

current = 0 . 45 min volte 

With emitter-to-base resistance = 10 ohms, and pulsed 

collector ma = 100* . 60 min volts 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) . 1 max volt 

Base-to-Emitter Saturation Voltage (with pulsed collector 

ma — 150* and base ma = 15) . 1.3 max volts 

Collector-Cutott Current: 

With case temperature = 25°C, collector-to-base volts = 60, 

and emitter current = 0 . 0.05 max #a 

With case temperature = 150°C, collector-to-base volts = 60, 

and emitter current = 0 . 50 max /ua 

Emitter-Cutoff Current (with emitter-to-base volte = 5 and 

collector current 0 . 0.05 max fi a 

Thermal Resistance: 

Junction-to-case ... 97 max °C/watt 

Junction-to-ambient . 350 max °C/watt 
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In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volt = 0.5, 

collector current = 0, and frequency = 140 kilocycles) _ 

Collector-to-Bs&e Capacitance (with collector-to-base volte = 10, 
emitter current = 0, and frequency = 140 kilocycles) . 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volte = 10, and pulsed collector 

ma = 150* . 

With collector-to-emitter volte = ÌÒ, and collector ma '= i " ! 
Small-Signal Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 5, collector ma = 5, and 

frequency = 1 kilocycle . 

With collector-to-emitter volte = 10, collector ma = 50, and 
frequency = 20 Me ... 

* Pulse duration = 300 /tsec; duty factor = 0.018. 


80 max 
15 max 


50 to 200 

35 min 

50 to 275 

5 min 


pf 

pf 
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This type has an exceptionally low noise figure of 8 db maximum and offers 
fi ve levels of beta control from 0.1 ma to 0.5 ampere. JEDEC No. TO-46 pack¬ 
age; outline 18, Outlines Section. This type is electrically identical with type 
2N2895. 


TRANSISTOR 

Silicon n-p-n type used in a wide © b 

variety of small-signal and low-to- _ 

OMOfHJQ medium power applications in mili- f 

2nlxO// tary and industriai equipment. It gJV Vl_@ 
features extremely low leakage char- E V J c 

acteristics, high pulse beta, high ^- * 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
JEDEC No. TO-46 package; outline 18, Outlines Section. This type is elec¬ 
trically identical with type 2N2896. 


TRANSISTOR 

Silicon n-p-n type used in a wide © a 

variety of small-signal and low-to- ^^ 

OMOOnn medium power applications in mili- f 
/IMZtUU tary and industriai equipment. It © 

features extremely low leakage char- E V J c 

acteristics, high pulse beta, high ^- ' 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
JEDEC No. TO-46 package; outline 18, Outlines Section. This type is elec¬ 
trically identical with type 2N2897. 


TRANSISTOR 

Silicon n-p-n type used in ©B 

switching applications in military and —^ 

OKIIOOQC* commercial data-processing equip- f 

ment. This type features high beta 
and high switching speed at high e V J c 

values of collector current, as well 

as low base and collector cutoff currents, low saturation voltages at high 
values of collector current, and exceptional stability of characteristics. JEDEC 
No. TO-52 package; outline 20, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage .. * • • 25 max volts 

Collector-to-Emitter Voltage . max volts 

Emitter-to-Base Voltage ... _ max volts 

Collector Current . 500 max ma 

Transistor Dissipation: ,, 

At case temperatures up to 25°C . lmax W ++ 

At ambient temperatures up to 25°C ....... . O- 3 ma ^ ^ on 

At case or ambient temperatures above 25 C . See curve page 80 

Temperature Range: i« or , 

« 41£ iol : c 

Lead Temperature (for ÌÒ seconds maximum) . 300 max C 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage (with collector ma 

= 50 and base ma = 1.6) .■ • ■ • ■ ■■ ■ ■.. ■ * * 0.4 max volt 

Base-to-Emitter Saturation Voltage (with collector ma = 50 

and base ma = 1.6) ..... 0.8 to 0.95 volt 


1 max watt 
0.3 max watt 
See curve page 80 


—65 to 200 

300 max 
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Collector-Cutoff Current: 

With ambient temperature = 25°C, collector-to-emitter volts 

= 20, and emitter-to-base volts = 0 . 25 max //a 

With ambient temperature = 150°C, collector-to-emitter volts 

— 20, and emitter-to-base volts = 0 . 25 max /ta 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 1 

and base current = 0) 5 max pf 

Collector-to-Base Capacitance (with collector-to-base volts = 5 

and emitter current — 0) . 4 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volt = 0.35 and collector ma — 10 .. 125 

With collector-to-emitter volt = 0.4 and pulsed collector ma 

= 50* . 105 

With collector-to-emitter volt = 1 and pulsed collector ma 

i- 200* 60 

With collector-to-emitter volt = 0.4, pulsed collector ma 

= 50*, and ambient temperature = —55°C . 65 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = 10, collector ma = 10, and frequency 
= 100 Me) . 6.9 


* Pulse duration = 50 jusec; duty factor = 0.02 or less. 


TRANSISTOR 


JY Germanium p-n-p type used in 

audio-frequency driver-amplifier ap- 
v \ _ plications in consumer and indus- OlSJ 
V4 - © trial equipment. This type features 
\. J C exceptionally high gain under typi- 

^ cal operating conditions for driver 

circuits, excellent linearity of small-signal beta and de beta over its entire 
collector-current range, and uniform gain characteristics over thè audio-fre¬ 
quency range. All leads are insulated from thè case to permit use of thè equip¬ 
ment chassis as a heat sink. JEDEC No. TO-1 package; outline 4, Outlines 
Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage . —30 max volts 

Collector-to-Emitter Voltage (with base-to-emitter resistance 

= 10000 ohms or less) . —25 max volts 

Emitter-to-Base Voltage . —25 max volts 

Collector Current . —150 max ma 

Emitter Current . 150 max ma 

Transistor Dissipation: 

At ambient temperatures up to 55°C . 120 max mw 

At ambient temperatures above 55°C . Derate 2.6 mw/°C 

At case temperatures up to 55°C with infinite heat sink .... 300 max mw 

At case temperatures above 55°C with infinite heat sink .... Derate 6.67 mw/°C 

At case temperatures up to 55°C with practical heat sink* .. 225 max mw 

At case temperatures above 55°C with practical heat sink* .. Derate 5 mw/°C 

Temperature Range: 

Operating (junction) and Storage . —65 to 100 °C 

Lead Temperature (for 10 seconds maximum) . 255 max °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with emitter-to-base 

volts = —2 and collector ma = —0.05) . —30 min volts 

Collector-to-Emitter Breakdown Voltage (with base-to-emitter 

resistance = 10000 ohms and collector ma = —1) . —25 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = —0.05) —25 min volts 

Collector-Cutoff Current (with collector-to-base volts = —20 

and emitter current = 0) .. —5 max fia 

Emitter-Cutoff Current (with emitter-to-base volta = -^20 and 
collector current = 0) —7.5 max jua 
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In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts = —10, collector ma = —10 and frequency 

= 1 kilocycle) . 

Small-Signal Forward Current-Transfer Ratio CutofT Frequency 
(with collector-to-emitter volts = —12 and collector ma = —1) 
Extrinsic Base-Lead Resistance (with collector-to-emitter volts 

= 10, collector ma - —10, and frequency = 20 Me) . 

Collector-to-Base Feedback Capacitance (with collector-to- 
emitter volts = —12 and collector ma = —1) .. 

* Thermal resistance of heat sink ìs less than 50°C/watt. 


200 min 


10 

Me 

300 

ohms 

6.5 

pf 


TYPICAL TRANSFER CHARACTERISTIC 
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6ASE-T0-EMITTER MILLIVOLTS 

92CS-12147T 



POWER TRANSISTOR 

Silicon n-p-n type used in a ©* 

AMOA^Q / wide variety of medium-power ap- — 

plications in industriai and commer- f 

VIA A CO cial equipment. This type is intended (7)—L/ \A~® 

4UvJv primarily for frequencies up to 20 VI J c 

megacycles in small-signal power ^- 

circuits. It is designed to assure freedom from second breakdown and features 
low lea'kage current and wide beta range. JEDEC No. TO-5 package; outline 
6 , Outlines Section. 
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MAXIMUM RATINGS 


Collector-to-Base Voltage .. 60 max volts 

Collector-to-Emitter Voltage : 

With base open . 40 max volts 

With external base-to-emitter resistance = 10 ohms . 50 max volts 

With base-to-emitter vòlts = 1.5 volts . 60 max volts 

Emitter-to-Base Voltage . 5 max volts 

Collector Current . 0.7 max ampere 

Transistor Dissipation : 

At case temperatures up to 25°C . 5 max watts 

At case temperatures above 25°C . See curve page 80 

Temperature Range : 

Operating and Storage ...—65 to 200 °C 

Lead Temperature (for 10 seconds maximum) . 235 max °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = 0.1) 60 min volts 

Collector-to-Emitter Sustaining Voltage: 

With external base-to-emitter resistance = 0 and collector 

ma 100* . 40 min volts 

With external base-to-emitter resistance = 10 ohms and 

collector ma = 100 . 50 min volts 

Collector-to-Emitter Saturation Voltage (with collector ma 

= 150 and base ma = 15) 1.4 max volts 

Base-to-Emitter Saturation Voltage (with collector ma = 150 

and base ma = 15) . 1.7 max volts 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current = 0) . 0.25 max tia 

Emitter-Cutoff Current (with emitter-to-base volts = 4 and 

collector current = 0) 0.25 max uà 

Thermal Resistance (junction-to-case) . 35 max °C/watt 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts — 0.5 

and collector current = 0) 80 max pf 

Collector-to-Base Capacitance (with collector-to-base volts — 10 

and emitter current = 0) . 15 max pf 

In Common-Emìffer Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts = 10 and pulsed collector ma = 150*) . 50 to 250 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volts ~ 10, collector ma = 50, and frequency 

= 20 Me) . .......... 5 min 


* Pulse duration = 300 jxsec; duty factor = 0.018. 
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TYPICALTRANSFER CHARACTERISTICS 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

PASE-TQ-EMITTER VOLTS 


92CS-I2329T 


POWER TRANSISTOR 


Silicon n-p-n type used in a 
wide variety of intermediate-power ^ 
applications in industriai and com- f ^ A 
i •: I mereiai equipment. This type is par- 

ticularly useful in power-switching e© (i)a 
circuits, in series and shunt-regula- 

tor driver and output stages, and in high-fidelity amplifìers. It is designed to 
assure freedom from second breakdown and features a special package which 
permits convenient mounting and effective contact with thè heat sink. Outline 
33, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage . 90 max volts 

Collector-to-Emitter Voltage: 

With base open . 55 max volts 

With external base-to-emitter resistance = 100 ohms . 60 max volts 

With base-to-emitter volts = 1.5 volts . 90 max volts 

Emitter-to-Base Voltage . 7 max. volts 

Collector Current .. 4 max amperes 

Base Current . 2 max amperes 

Transistor Dissipation: 

At case temperatures up to 25°C . 25 max watts 

At case temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating and Storage . —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) . 235 max °C 



I 
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CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage: 

With «xternal base-to-emitter resistance = 0 and collector 

ma = 100 .. . .. 

With external base-to-emitter resistance = 100 ohms and 

collector ma = 100 .. 

Collector-to-Emitter Saturation Voltage (with collector ma 

= 500 and base ma = 50) .,. 

Base-to-Emitter Satura tion Voltage (with collector ma = 500 

and collector-to-emitter volts = 4) . 

Emitter-Cutofì Current (with emitter-to-base volts = 7 and 

collector current = 0) ... 

Thermal Resistance (junction-to-case) . 


7 max °C/watt 


In Commo n-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts = 4 and collector ma = 500) . 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N3054 

COLLECTOR-TO-EMITTER VOLTS 

*4 
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BASE-TO-EMITTER VOLTS 

92CS-I2305T 


POWER TRANSISTOR 


Silicon n-p-n type used in a 

.- ^ ^ wide variety of high-power applica- 

j—v tions in industriai and commercial O IVI ^ ^ 

V\ J equipment. This type is particularly XI 

e© (T)8 useful in power-switching circuits 
in series and shunt-regulator driver 

and output stages, and in high-fidelity amplifìers. It is designed to assure free¬ 
dom from second breakdown and features an exceptionally high dissipation 
rating. JEDEC No. TO-3 package; outline 5, Outlines Section. 

MAXIMUM RATINGS 

Collector-to-Base Voltage . 100 max volts - 

Collector-to-Emitter Voltage: 

With base open ... 60 max volts 

With external base-to-emitter resistance = 100 ohms . 70 max volts 

With base-to-emitter volts = 1.5 volts . 100 max volts 

Emitter-to-Base Voltage . 7 max volts 

Collector Current . 15 max amperes 

Base Current . 7 max amperes 

Transistor Dissipation : 

At case temperatures up to 25 0 C . 115 max watts 

At case temperatures above 25°C . See curve page 80 

Temperature Range: 

Operating and Storage . —65 to 200 °C 

Lead Temperature (for 10 seconds maximum) . 235 max °C 

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage: 

With external base-to-emitter resistance = 0 and collector 

ma = 200 . 60 min volts 

With external base-to-emitter resistance = 100 ohms and 

collector ma = 200 .. 70 min volts 


60 max volts 
70 max volts 
100 max volts 
7 max volts 
15 max amperes 
7 max amperes 

115 max watts 
See curve page 80 

—65 to 200 °C 

235 max °C 


60 min volts 
70 min volts 
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Collector-to-Emitter Saturation Voltage (with collector 

amperes = 4 and base ma = 400) .• ■ ..• • 

Base-to-Emitter Saturation Voltage (with collector-to-emitter 

voits = 4, and collector amperes = 4) .... 

Emìtter-CutofE Current (with emitter-to-base volte = 7 and 

collector current = 0) ... 

Thermal Resistance (junction-to-case) . 

In Common-Emiìter Circuii 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volte = 4 and collector amperes = 4) . 


1.1 max volte 

1.8 max volte 

5 max ma 

1.5 max °C/watt 

20 to 70 


TYPICAL COLLECTOR CHARACTER1STICS 



TYPICAL TRANSFER CHARACTERÌSTICS* 



0ASE-TO-EMITTER VOLTS 

32CS-|2507| 

TRANSISTOR 


2N3118 


Silicon n-p-n type used in rf 
amplifìers in military and industriai 
high-frequency and vhf communi- 
cation equipment. It is intended 
primarily for use in large-signal vhf 
class C and small-signal vhf class 



A amplifìer circuits. This type features high output power, high collector-to- 
emitter voltage ratings, high gain-bandwidth product, high power gain, and 
high power dissipation. JEDEC No. TO-5 package; outline 6, Outlines Section. 


Technical Data 


293 


MAXIMUM RATINGS 

Emitter-to-Base Voltage . 

Collector-to-Emitter Voltage: 

With base-to-emitter volte = —1.5 . 

With base open . 

Collector Current . 

Transistor Dissipation: 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . 

At case or ambient temperatures above 25°C 
Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 


4 max volte 

85 max vplts 
60 max volte 
0.5 max ampere 

4 max watts 
1 max watts 
See curve page 80 

—65 to 200 °C 

255 max °C 


CHARACTERISTICS 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) 4 min volte 

Collector-to-Emitter Sustaining Breakdown Voltage (with 

pulsed collector ma = 10* and base current = 0) . 60 min volte 

Collector-to-Emitter Breakdown Voltage (with base-to-emitter 

volte — —1.5 and collector ma = 0.1) . 85 min volte 

Collector-Cutofì Current: 

With ambient temperature = 25°C, collector-to-base volte 

= 30, and emitter current = 0) . 0.1 max fia 

With ambient temperature = 150°C, collector-to-base volte 

= 30, and emitter current = 0) .» 100 max fia 


In Common-Base Circuit 


Collector-to-Base Capacitance (with collector-to-base volte 
=28, emitter current = 0, and frequency = 1 Me) . 6 max pf 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volte = 28 and collector ma = 25) . 50 to 275 

Small-Signal Forward Current-Transfer Ratio (with collector- 
to-emitter volte = 28, collector ma = 25, and frequency 

_ 50 Me) .. 5 min 

Output Power Class C Service**: 

With collector-to-emitter volte = 28, and frequency = 50 Me . 1 min watt 

With collector-to-emitter volte = 28, and frequency = 150 Me . 0.4 min watt 

Power Gain Class A Servicef (with collector-to-emitter volte 

= 28, collector ma = 25, and frequency = 50 Me) . 18 min db 


* Pulse duration = 300 /isec; duty factor = 0.018 or less. 
** Input power = 0.1 watt (with heat sink). 
t Output power = 0.2 watt (with heat sink). 


! 


TRANSISTOR 


2N3119 


Silicon n-p-n type used in 
switching and pulse-amplifìer appli- 
cations. It is intended primarily for 
use in high-voltage high-frequency 
amplifìers and high-voltage satura¬ 
tion switches in military and indus¬ 



triai equipment. This type features high collector-to-emitter voltage ratings, 


fast rise time, and high power dissipation. JEDEC No. TO-5 package; outline 


6 , Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage . 

Collector-to-Emitter Voltage: 

With base-to-emitter volte = —1.5 . 

With base open . 

Emitter-to-Base Voltage . 

Collector Current . 

Transistor Dissipation: 

At case temperatures up to 25°C . 

At ambient temperatures up to 25°C . 

At case or ambient temperatures above 25°C 
Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) 


100 max volte 

100 max volte 
80 max volte 
4 max volte 
0.5 max ampere 

4 max watts 
1 max watt 
See curve page 80 

—65 to 200 °C 

255 max °C 
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CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector ma = 0.10 

and emitter current — 0) . 100 min 

Emitter-to^Base Breakdown Voltage (with emitter ma = O.iÓ 

and collector current — 0) . 4 min 

Collector-to-Emitter Breakdown Voltage (with base-to-emitter 

volts = 1.5 and collector ma — 0.1) . 100 min 

Collector-to-Emitter Sustaining Breakdown Voltage (with 

pulsed collector ma = 10* and base current = 0) . . . .. 80 min 

Collector-to-Emitter Saturation Voltage (with base ma = 10 

and collector ma — 100) ... 0.5 max 

Base-to-Emitter Saturation Voltage (with base ma = Ì0 and 

collector ma = 100) ... 1.1 max 

Collector-Cutoff Current: 

With ambient temperature = 25°C, collector-to-base volts 

= 60, and emitter current = 0 . 50 max 

With ambient temperature = 150°C, collector-to-base volts 

= 60, and emitter current = 0 .„. 50max 

Emitter-Cutofì current (with ambient temperature = 25°C, 

emitter-to-base volts = 3, and collector current = 0) .. 100 max 

Saturated Switching Tum-on Time (with collector supply volts 

= 28, base ma = 10, and collector ma = 100) . 40 max 

Saturated Switching Turn-ofT Time (with collector supply volts 

_= 28, base ma = —10, and collector ma = 100) . 700 max 

Pulse-Amplifier Rise Time (with collector supply volts = 80 
and collector ma — 10) ..... 20 max 

In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts 
= 28, collector current = 0, and frequency = 1 Me) .. 6max 

In Common-fmiffer Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 10 and collector ma = 10 .. 40 min 

With pulsed collector-to-emitter volts = 10* and collector 

ma — 100 . 50 to 200 

With pulsed collector-to-emitter volts = 10* and collector 

ma -- 250 . 20 min 

Gain-Bandwidth Product (with collector-to-emitter volts = 28, 

collector ma = 25, and frequency = 50 Me) .. 250min 


* Pulse duration = 300 /isec; duty factor = 0.018. 


volts 

volts 

volts 

volts 

volt 

volt 


na 

Ma 

na 

nsec 

nsec 

nsec 


pf 


Me 


SILICON CONTROLLED RECTIFIER 


2N3228 


Diffused-junction n-p-n-p type 
used in a wide variety of line- 
operated power-control and power- 
switching applications. It is par- 
ticularly useful in 117-volt line 
power-controlled and power-switch- 



ing applications requiring a forward current of 3.2 amperes (average value) 


or 5 amperes (rms value). Outline 33, Outlines Section. 


MAXIMUM RATINGS 

For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load. 


Peak Reverse Voltage: 

Repetitive . 200 max volts 

Non-repetitive . 330 max volts 

Peak Forward Blocking Voltage (repetitive) . 200 max volts 

Average Forward Current: 

At case temperature of 50°C and conduction angle of 180° .. 3.2 max amperes 

For other case temperatures and conduction angles . See Rating Chart I 

Peak Surge Current: 

For one cycle of applied voltage . 60 max amperes 

For more than one cycle of applied voltage . See Rating Chart II 

Peak Forward Gate Current .. 2 max amperes 

Peak Gate Voltage: 

Forward . 10 max volts 

Reverse . 2 max volts 


Technical Data 


295 


Peak Gate Power . 5 max volts 

Temperature Range : 

Òperating (case) . —40 to 100 °C 

Operating (ambient) ... See Rating Chart III 

Storage . —40 to 125 °C 


CHARACTERISTICS 


Forward Breakover Voltage (at case temperature of 100°C) .... 200 min volts 

Forward Voltage Drop (at forward current = 3 amperes and 

case temperature = 25°C) . 1.5 max volts 

Average Blocking Current (at case temperature of 50°C) : 

Forward . 1.5 max ma 

Reverse . 1.5 max ma 

DC Gate-Trigger Current (at case temperature of 25°C) . 15 max ma 




92CS-12377T 



GATE-TRIGGER CURRENT CHARACTERISTIC 



92CS-I238QT 


GATE TRIGGER-VOLTAGE CHARACTERISTIC 



CASE TEMPERATURE—°C 


92CS-I2370T 
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POWER TRANSISTOR 


2N3263 


Silicon n-p-n type used in a 
wide variety of aerospace, military, 
and industriai applications requiring 
a high degree of reliability. The high 
current-handling capability of this 
type and its fast switching speed 
make it especially suitable in circuits where optimum circuit efficiency is de- 
sired. This type is used in switching-control amplifiers, power gates, switching 
regulators, de-de converters, de-ac inverters, dc-rf amplifiers, and power os- 
cillators. Outline 45, Outlines Section. 



MAXIMUM RATINGS 


Collector-to-Base Voltage . 150 max volts 

Collector-to-Emitter Voltage (with emitter-to-base volts — —1.5) 150 max volts 

Collector-to-Emitter Sustaining Voltage: 

With base-to-emitter resistance — 50 ohms or less . 110 max volts 

With base open . 90 max volts 

Emitter-to-Base Voltage . 7 max volts 

Collector Current . 25 max amperes 

Base Current . 10 max amperes 

Transistor Dissipation . See Dissipation Curve 

Temperature Range : 

Operating ( junction) and Storage .'.. —65 to 200 °C 


CHARACTERISTICS 

Emitter-to-Base Voltage (with emitter-to-base ampere = 0.02 

and collector current = 0) . 

Collector-to-Emitter Sustaining Voltage r 

With collector ampere = 0.2 and base current = 0 . 

With external base-to-emitter resistance = 50 ohms or less, 

collector ampere = 0.2, and base current = 0 . 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

amperes = 15* and base amperes = 1.2) .. 

Base-to-Emitter Saturation Voltage (with pulsed collector 

amperes = 15* and base amperes = 1.2) . 

Collector-Cutofì Current: 

With case temperature = 25°C, collector-to-base volts 

= 80, and base current = 0 ..... 

With case temperature = 125°C, collector-to-base volts 

= 80, and base current = 0 . 

Emitter-Cutoff Current: 

With case temperature = 25°C, emitter-to-base volts 

= 5, and collector current = 0 .. 

With case temperature = 125°C, emitter-to-base volts 

= 5, and collector current = 0 . 

Collector Current (with base reversed biased, collector- 

to-emitter volts = 150, and emitter-to-base volts = 1.5) .... 

Thermal Resistance (with junction temperature = 100 °C, 

collector-to-emitter volts = 40, and collector amperes = 0.5) . . 
Saturated Switching Turn-on Time (with de collector supply 
volts = 30, turn-on and turn-off base amperes = 1.2, and 

collector amperes = 15) . 

Saturated Switching Storage Time (with de collector supply 
volts = 30, turn-on and turn-oft base amperes = 1.2, and 

collector amperes = 15) .. 

Saturated Switching Fall Time (with de collector supply voltage 
= 30, turn-on and turn-oft base amperes = 1.2, and collector 

amperes = 15) ..... 

Second Breakdown Characteristics (safe-operating region) : 
Current at second breakdown with collector-to-emitter 

volts = 75 ...„•.... • 

Energy at second breakdown with emitter-to-base volts — —6, 
collector amperes = 10, base-to-emitter resistance = 20 ohms, 
and inductance = 40 pii . 


7 min 
90 min 
110 min 
0.75 max 
1.60 max 

' 4 max 

4 max 

5 max 
5 max 

20 max 
1.5 max 

0.5 max 

1.5 max 

0.5 max 

350 min 


volts 

volts 

volts 

volts 

volts 

ma 

ma 

ma 

ma 

ma 

°C/watt 

/isec 

Asec 

/isec 

ma 


2 min mjoules 


In Common-Base Circuit 

Collector-to-Base Feedback Capacitance (with collector-to- 

base volts = 10, base current = 0, and frequency = 1 Me) .... 900 max pf 
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In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 3 and pulsed collector 

amperes = 5* ....... 40 min 

With collector-to-emitter volts = 3 and pulsed collector 

amperes = 15* .. 25 to 75 

With collector-to-emitter volts = 4 and pulsed collector 

amperes = 20 . 20 min 

Gain-Bandwidth Product (with collector-to-emitter volts = 10, 
collector amperes = 3, and frequency = 5 Me) . 20 min Me 

*Pulse duration = 350 fisec or less; duty factor = 0.02 or less. 


TYPfCAL BASE CHARACTERISTICS 



92CS-I2438T 


•TYPICAL TRANSFER CHARACTERISTICS 



DISSIPATION CHARACTERISTICS 
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COLLECTOR-TO-EMITTER VOLTS 

92CS-I25I3T 


2N3264 


POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of aerospace, military, 
and industriai applications requiring 
a high degree of reliability. The high 
current-handling capability of this 
type and its fast switching speed 
make it especially suitable in circuits where optimum circuit efficiency is de- 
sired. This type is used in switching-control amplifiers, power gates, switching 
regulators, dc-dc converters, dc-ac inverters, dc-rf amplifiers, and power os¬ 
cillato rs. Outline 45, Outlines Section. For curves of transfer characteristics* 
refer to type 2N3263. 
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MAXIMUM RAT1NGS 

Collector-to-Base Voltage .... 

Collector-to-Emitter Voltage (with emitter-to-base volts = —1.5) 
Collector-to-Emitter Sustaining Voltage: 

With base-to-emitter resistance = 50 ohms or less . 

With base open .. ...... 

Emitter-to-Base Voltage . 

Collector Current ... 

Base Current ... 

Transistor Dissipation ..... 

Temperature Range: 

Operating (junction) and Storage . 


DISSIPATION CHARACTERISTICS 



COLLECTOR-TO-EMITTER VOLTS 

92CS-I25I2T 


CHARACTERISTICS 


Emitter-to-Base Voltage (with emitter-to-base ampere = 0.02 

and collector current =. 0) . 7 min volts 

Collector-to-Emitter Sustaining Voltage: 

With collector ampere = 0.2 and base current = 0 . 60 min volts 

With external base-to-emitter resistance = 50 ohms or less, 

collector ampere = 0.2, and base current = 0 . 80 min volts 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

amperes = 15* and base amperes = 1.2) . 1.20 max volts 

Base-to-Emitter Saturation Voltage (with pulsed collector 

amperes = 15* and base amperes = 1.2) . 1.80 max volts 

Collector-Cutoff Current : 

With case temperature = 25°C, collector-to-base volts = 60, 

and base current = 0 . 10 max ma 

With case temperature = 125°C, collector-to-base volts = 60, 

and base current = 0 . 10 max ma 

Emitter-Cutoff Current: 

With case temperature — 25°C, emitter-to-base volts = 5, and 

collector current = 0 . 15 max ma 

With case temperature = 125°C, emitter-to-base volts = 5, 

and collector current “0 . 15 max ma 

Collector Current (with base reversed biased, collector-to-emitter 

volts = 120, and emitter-to-base volts = 1.5) . 20 max ma 

Thermal Resistance (with junction temperature = 10CTC, 

collector-to-emitter volts = 40, and collector amperes = 0.5) 1.5 max °C/watt 

Saturated Switching Tum-on Time (with de collector supply 
volts — 30, tum-on and tum-off base amperes = 1.2, and 

collector amperes = 15) . 0.5 max /tsec 

Saturated Switching Storage Time (with de collector supply 
volts = 30, tum-on and tum-off base amperes = 1.2, and 

collector amperes = 15) . 1.5 max lise c 

Saturated Switching Fall Time (with de collector supply voltage 

= 30,. base amperes = 1.2, and collector amperes = 15) . 0.5 max /tsec 

Second Breakdown Characteristics (safe-operating region) : 

Current at second breakdown with collector-to-emitter 

volts — 75 . 700 mm ma 

Energy at second breakdown with emitter-to-base volts = —6, 
collector amperes = 10, base-to-emitter resistance — 20 ohms, 

and inductance = 40 /ih ... 2 min mjoules 

In Common-Base Circuit 

Collector-to-Base Feedback Capacitance (with collector-to-base 

volts = 10, base current = 0, and frequency = 1 Me) . 900 max pf 


120 max vorts 
120 max volts 

80 max volts 
60 max volts 
7 max volts 
25 max amperes 
10 max amperes 
See Dissipation Curve 

-65 to 200 °C 
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In Common-Emrtter Circuii 

DC Forward Current-Transfer Ratio: 

With collector-to-emitter volts = 3 and pulsed collector 

amperes = 5* . . 35 min 

With collector-to-emitter volts = 3 and pulsed collector’ 

amperes = 15* .... . 20 to 80 

With collector-to-emitter volts = 4 and pulsed collector 
amperes = 20 . 15 m in 

Gain-Bandwidth Product (with collector-to-emitter volts = 10, 
collector amperes = 3, and frequency = 5 Me) . 20 min Me 

* Pulse duration = 350 /tsec or less; duty factor = 0.02 or less. 


POWER TRANSISTOR 



Silicon n-p-n type used in a 
wide variety of aerospace, military, 
and industriai applications requiring 
a high degree of reliability. The high 
current-handling capability of this 
type and its fast switching speed 


2N3265 


make it especially suitable in circuits where optimum circuit efficiency is de- 
sired. This type is used in switching-control amplifìers, power gates, switching 


regulators, dc-dc converters, dc-ac inverters, dc-rf amplifìers, and power os- 
cillators. Outline 46, Outlines Section. This type is electrically identical with 
type 2N3263 except for thè following items: 


Transistor Dissipation . nìcesinatirm 

Thermal Resistance (with junction temperature '= Too°C . issipation curve 

collector-to-emitter volts = 40, and collector ampere = 0.5) 1 max °C/watt 


DISSIPATION CHARACTERISTICS 



0 io 20 30 40 50 60 70 §0 90 

COLLECTOR-TO-EMITTER VOLTS 

92CS-I25IIT 


POWER TRANSISTOR 


Silicon n-p-n type used in a 
cnrA variety--of aerospace, military, 

nT A / yP £ and industriai applications requiring 
a high degree of reliability. The high 
. current-handling capability of this 

. / type and its fast switching speed 

make it especially suitable in circuits where optimum circuit efficiency is de- 
sired. This type is used in switching-control amplifìers, power gates, switching 
regulators, dc-dc converters, dc-ac inverters, 1 dc-rf amplifìers, and power os- 
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cillators. Outline 46, Outlines Section. This type is electrically identical with 
type 2N3264 except for thè following items: 


Transistor Dissipation .. 

Thermal Resistance (with junction temperature = 100°C, 
collector-to-emitter volts == 40, and collector ampere == 0.5) 


See Dissipation Curve 
1 max °C/watt 


DISSIPATION CHARACTERISTICS 


TYP 
FOR 
- 7: 

75 

" 2N3266 

maximum case temperatures above 
° C, DERATE LINEARLY AT 1 W/*C. 
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collector-to-emitter volts 


TRIPLE DIODE ©k D2 

Hermetically sealed germanium Ko K 

type used in high-speed switching <?! f W ^ J 
3DG001 Service in electronic data-processing 
systems. Package has thè same di- 
mensions as JEDEC No. TO-33; out- 
line 13, Outlines Section. Diode units 

are identical with those of type 2DG001. This is a discontinued type listed for 
reference only. 


3746 


See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 


TRANSISTOR 

aaaj / Germanium p-n-p type used in 

J/w/ / criticai switching applications in v-"- 

OKlAftA data-processing equipment. This £ / 

XllM^fV 4 ? premium type features excellent sta- ©—L/ 
bility, reliability, and rugged con- V 
struction. JEDEC No. TO-5 package; 
outline 6, Outlines Section. 

MAXIMUM RAT1NGS 

Collector-to-Base Voltage (with emitter open) i:* • --v «f 

Collector-to-Emitter Voltage (with emitter-to-base volts _ —1> —44 

Emitter-to-Base Voltage (with collector open) .- ^ 

Collector Current .*.. * * onn 

Emitter Current ....* • • 

Transistor Dissipation: .^0 

At amhient temperatures up to 25 C .. •••••• rjf'i 

At amhient temperatures above 25 C ... aee c 

Ambient-Temperature Range: _^ 5 85 

operahng .;;;;;;;;;; ;;;;;;; ; ; ; ; ; ; ! ; ; ; ; ; ; ! ! ! ! ! —65 to ìoo 

Dead temperature’ '( for 'ló'seconds' maximum) ... 235 



—25 max 
-24 max 
-12 max 
■200 max 
200 max 


See curve page £ 


non © 
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CHARACTERISTICS 


Base-to-Emitter Saturation Voltage: 

With collector ma = —12 and base ma = —0.4 ............... a —0.35 max volt 

With collector ma = —24 and base ma = —1 ................. —0.4 max volt 

Collector-to-Emitter Saturation Voltage: 

With collector ma = —12 and base ma = —0.4 —0.15 max volt 

With collector ma = —24 and base ma = —1 —6.2 max volt 

Collector-CutofT Current (with collector-to-base volts = —12 

and emitter current = 0) . —5 max /*a 

Stored Base Charge (with collector ma = —10 and base ma = —1) 1400 max pcoul 

In Common-Base Circuit 

Small-Signal Forward-Current-Transfer-Ratio CutofT Frequency 

(with collector-to-base volts — —6 and collector ma = —1) .. 4 min Me 

Output Capacitance (with collector-to-base volts = —6 

and emitter current = 0) . s 20 max pf 

Input Capacitance (with emitter-to-base volts = —6 
and collector current — 0) . »... 20 max pf 

In Common-Emiiter Circuit 

Forward Current-Transfer Ratio: 

With collector-to-emitter volts = —0.15 and collector ma — —12 30 min 

With collector-to-emitter volts = —0.2 and collector ma = —24 24 min 


POWER TRANSISTOR 


Germanium p-n-p type used in 
- high-fìdelity audio-frequency amplì- 

{ r\ / } fier applications. This type is in- AfìfìOO 

V \ ~ J tended primarily for use in push- 4UUZA 

EgJ pulì class B output circuits requiring 

low distortion, high power output, 

and wide frequency response. It can also be used in class A af power ampli- 
fìers in driver- or output-stage circuits. This type features high collector cur¬ 
rent and dissipation eapabilities, and exceptional linearily of characteristics 
over thè full range of collector current. JEDEC No. TO-3 package; outline 5, 
Outlines Section. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .. .... —32 max volts 

Collector-to-Emitter Voltage (with base-to-emitter resistance 

= 30 ohms) .. —32 max volts 

Emitter-to-Base Voltage .... —5 max volts 

Collector Current ..... —5 max amperes 

Base Current .... —1 max ampere 

Transistor Dissipation: 

At mounting flange temperatures up to 81°C ................ 12.5 max watts 

At mounting flange temperatures above 81°C ............... Derate 0.66 watt/°C 

Temperature Range: 

Operating (junction) and Storage .. —65 to 100 °C 

Lead Temperature (for 10 seconds maximum) .................. 255 max ®C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = —5 

and emitter current = 0) . —32 min volts 

Collector-to-Emitter Breakdown Voltage (with collector ma 

= —200 and base-to-emitter resistance — 30 ohms) . —32 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = —200 

and collector current — 0) ... —5 min volts 

Base-to-Emitter Voltage (with collector-to-base volts == —10 

and collector ma = —50) . —0.18 volt 

Collector-CutofT Current (with collector-to-base volts = —30 

and emitter current = 0) . —1 max ma 

Collector-CutofT Saturation Current (with collector-to-base 

volts = —0.5 and emitter current = 0) . —0.1 max ma 

Thermal Resistance (junction-to-case) . 1.5 max °C/watt 


In Common-Emiffer Circuit 


Gain-Bandwidth Product (with collector-to-emitter volts = —5 

and collector ampere = —0.5) .. 300 kilocycles 

DC Forward Current-Transfer Ratio (with collector-to-emitter 
volts == —2 and collector amperes = 1) .. 50 
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TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 

DC Collector Supply Voltage ..... : ... —14 volts 

Zero-Signal DC Collector Current . —50 ma 

Zero-Signal Base-Bias Voltage . —0.18 volt 

Peak Collector Current .'. —2.25 amperes 

Maximum-Signal DC Collector Current .. —0.716 ampere 

Input Impedance of Stage (per base) ... 43 ohms 

Load Impedance (speaker voice coil) . 4 ohms 

Power Gain . 24 db 

Maximum-Signal Power Output . 10 watts 

Total Harmonic Distortion . 5 per cent 

Maximum Collector Dissipation (per transistor) . 5 watts 

EIA Music Power-Output Rating . 18 watts 

TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCUIT 

DC Collector Supply Voltage .. —16 volts 

DC Collector-to-Emitter Voltage . —13.2 volts 

DC Collector Current . —0.9 ampere 

Peak Collector Current . —1.8 amperes 

Input Impedance . 15 ohms 

Collector Load Impedance . 15 ohms 

Maximum-Signal Power Output . 5 watts 

Total Harmonic Distortion . 5 per cent 

Power Gain . 33 db 

Maximum Collector Dissipation .. „ 12 watts 


POWER TRANSISTOR 


Germanium p-n-p type used in 
high-fìdelity audio-frequency ampli- If c 

Arf v.'pìL; A fier applications. This type is in- ( / i 

•tvvJU tended primarily for use in push- \^rp; J 

pulì class B output circuits requiring E0 
low distortion and wide frequency 

respònse. It can also be used in class A af power amplifìers in driver- or output- 
stage circuits. This type features high de beta and linear gain characteristics 
up to fìve amperes. JEDEC No. TO-3 package; outline 5, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage . 

Collector-to-Emitter Voltage .. 

Emitter-to-Base Voltage . 

Collector Current . 

Base Current . 

Transistor Dissipation : 

At mounting flange temperatures up to 81 °C 
-At mounting flange temperatures above 81°C 
Temperature Range: 

Òperating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) 


—40 max volts 
—40 max volts 
—5 max volts 
—5 max amperes 
—1 max ampere 

12.5 max watts 
Derate 0.66 watt/°C 

—65tol00 °C 

255 max °C 


CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (with collector ma = —5 

and emitter current — 0) . 

Collector-to-Emitter Breakdown Voltage (with collector ma 

= —600 and :base-to-emìtter resistance = 68 ohms) . 

Emitter-to-Base Breakdown Voltage (with emitter ma —2 

and collector current = 0) . 

Base-to-Emitter Voltage (with collector-to-base volts = —10 

and collector ma = —50) . .. 

Collector-CutoflE Current (with collector-to-base volts — —30 

and emitter current = 0) . 

Collector-CutofE Saturation Current (with collector-to-base 

volts = —0.5 and emitter current = 0) . 

Thermal Resistance (junction-to-case) . 


—40 min volts 

—40 min volts 

—5 min volts 

0.17 volt 

—500 max jia 

—100 ma n a 


1.5 max 0 C/watt 


In Common-Emitter Circuit 

Gain-Bandwidth Product (with colle“ctor-to-emitter volts = — 5 

and collector ampere = —0.5) .. 500 kilocycles 

DC Forward Current-Transfer Ratio (with collector-to-emitter 

volts - —2 and collector amperes = 1) ..... 50 min 
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TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 


DC Collector Supply Voltage . —18 volts 

Zero-Signal DC Collector Current . —50 ma 

Zero-Signal Base-Bias Voltage . —0.17 volt 

Peak Collector Current . —2.8 amperes 

Maximum-Signal DC Collector Current . —0.8 ampere 

Input Impedance of Stage (per base) ... 32 ohms 

Load Impedance (speaker voice coil) . 4 ohms 

Power Gain . 28 db 

Maximum-Signal Power Output . 15 watts 

Total Harmonic. Distortion . 5 per cent 

Maximum Collector Dissipation (per transistor) . 7.5 watts 

EIA Music-Power Output Rating . 25 watts 


TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCUIT 


DC Collector Supply Voltage . 
DC Collector-Emitter Voltage . 

DC Collector Current . 

Peak Collector Current . 

Input Impedance . 

Collector Load Impedance 
Maximum-Signal Power Output 
Total Harmonic Distortion 

Power Gain .. 

Maximum Collector Dissipation 


-16 

volts 

—13.2 

volts 

—0.9 

ampere 

—1.8 

ampere 

10 

ohms 

15 

ohms 

5 

watts 

5 

per cent 

36 

db 

12 

watts 


POWER TRANSISTOR 


Germanium p-n-p type used in 
If 1 c high-fìdelity audio-frequency ampli- 

f p, .\ fìer applications. This type is in- 

l l ) tended primarily for use in push- WUJl 

v j 0 — (Hb pulì c ^ ass B output circuits requiring 

low distortion and wide frequency 

respònse. It can also be used in class A af power amplifìers in driver- or output- 
stage circuits. This type features high de beta and linear gain characteristics 
up to fìve amperes. JEDEC No. TO-3 package; outline 5, Outlines Section. This 
type is similar to type 40050 except for thè following items: 

CHARACTERISTICS 

Collector-tó-BaSe Breakdown Voltage .... —50 min volts 

Collector-to-Emitter Breakdown Voltage ... ;... —50 min vólts 


—50 min 
—50 min 


TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 


DC Collector Supply Voltage . —22 volts 

Zero-Signal DC Collector Current . —50 ma 

Zero-Signal Base-Bias Voltage . —0.17 volt 

Peak Collector Current . —3.5 amperes 

Maximum-Signal DC Collector Current . —1.1 amperes 

Input Impedance of Stage (per stage) . 31 ohms 

Load Impedance (speaker voice coil) . 4 ohms 

Power Gain . 28 db 

Maximum-Signal Power Output . 25 watts 

Total Harmonic Distortion . . ; .. 5 per cent 

Maximum Collector Dissipation (per transistor) . 12.5 watts 

EIÀ Music Power Output Rating . 45 watts 


See RCA TUNNEL DIODE CHART starting on page 
324 for complete data on these tunnel diodes and 
rectifìers. 


40054 

to 

40070 


40076 

See RCA TUNNEL DIODE CHART starting on . 

page 324 for complete data on these tunnel diodes. 

40079 
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TRANSISTOR 

Silicon n-p-n type designed spe- 
cifìcally for use as an oscillator in 

410080 27-Mc 5-watt citizens band applica¬ 

tion. JEDEC No. TO-39 package; 
outline 32, Outlines Section. 

MAXIMUM RATINGS 


Collector-to-Emitter Voltage (with base open) ........ 30 max volta 

Collector Current ...... 250 max ma 

Transistor Dissipation : 

At ambient temperatures up to 25°C ..... 0.5 max watt 

At ambient temperatures above 25°C .. See curve page 80 

Temperature Range: 

Operating (junction) and Storage .. —65 to 175 ®C 

CHARACTERISTICS 

Collector-to-Emitter Voltage (with collector ma = 10 and 

base current = 0) . 30 min volts 

Collector-Cutoff Current (with collector-to-base volts = 15 and 
emitter current = 0) . 10 max /ta 

TYPICAL OPERATION IN 27-MC RF OSCILLATOR CIRCUIT 

Power Output (with collector supply volts = 12 and maximum 

collector ma = 32) . 100 min mw 


TRANSISTOR 

Silicon n-p-n type designed spe- 
cifically for use as a driver in 27-Mc 
40081 5-watt citizens band applications. 

JEDEC No. TO-39 package; outline 
32, Outlines Section. 

MAXIMUM RATINGS 


Collector-to-Emitter Voltage (with reverse bias between base 

and emitter) . 60 max volts 

Emitter-to-Base Voltage (with collector open) . 2 max volts 

Collector Current . 250 max ma 

Transistor Dissipation: 

At case temperatures up to 25°C ... 2 max watts 

At case temperatures above 25°C .. See curve page 80 

Temperature Range: 

Operating (junction) and Storage .. —65 to 175 °C 

CHARACTERISTICS 

Collector-to-Emitter Voltage (with base-to-emitter volts = —0.5 

and collector //a = 100) . 60 min volts 

Emitter-to-Base Voltage (with emitter /a a = 500 and collector 

current = 0) 2 min volts 

Collector-Cutoff Current (with collector-to-base volts = 15 and 

emitter current = 0) 10 max #a 

TYPICAL OPERATION IN 27-MC RF DRIVER CIRCUIT 

Power Output (with collector supply volts = 12, maximum 

collector ma = 85, and rf power input = 75 mw) . 400 min mw 




40082 


TRANSISTOR 

Silicon n-p-n type designed spe- 
cifìcally for use as a power ampli- 
fier in 27-Mc 5-watt citizens band 
applications. JEDEC No. TO-39 
package; outline 32, Outlines Section. 
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MAXIMUM RATINGS 

Collector-to-Emitter Voltage (with reverse bias between base 

and emitter) .V... ■.. . . 

Emitter-to-Base Voltage (with collector open) ... 

Collector Current .. 

Transistor Dissipation: 

At case temperatures up to 25 °C .^.. 

At case temperatures above 25°C ...... 

Temperature Range: 

Operating (junction) and Storage .... 


60 max volts 

2.5 max volts 

1.5 max amperes 

5 max watts 
See curve page 80 

-65 to 175 °C 


CHARACTERISTICS 


Collector-to-Emitter Voltage (with base-to-emitter volts 

= -0.5 and collector uà — 500) . 60 min volts 

Emitter-to-Base Voltage (with emitter /ra = 500 and collector 

current = 0) 2-5 min volts 

Collector-Cutoff Current (with collector-to-base volts 
= 15 and emitter current = 0) . 10 max pa. 


TYPICAL OPERATION IN 27-MC RF POWER-AMPLIFIER CIRCUIT 

Power Output (with collector supply volts = 12, maximum 

collector ma = 415, and rf power input — 350 mw) ... 3 min watts 


TRANSISTOR 



Silicon n-p-n type used in a wide 
variety of small-signal and medium- 
power applications in industriai 
equipment. This type features low 
noise and leakage characteristics, 
high pulse beta, high switching 


40084 


speeds, and a very low output capacitance. JEDEC No. TO-18 package; outline 


12, Outlines Section. 


MAXIMUM RATINGS 

Collector-to-Base Voltage ... 

Collector-to-Emitter Voltage: 

With base open . 

With base-to-emitter resistance = 10 ohms . 

Emitter-to-Base Voltage . 

Collector Current . 

Transistor Dissipation: 

At ambient temperatures up to 25 °C ... 

At cas' temperatures up to 25 °C . 

At ambient or case temperatures above 25°C 
Temperature Range: 

Operating (junction) and Storage . 

Lead Temperature (for 10 seconds maximum) . 


60 max volts 

40 max volts 
50 max volts 
5 max volts 
1 max ampere 

0.5 max watt 
1.8 max watts 
See curve page 80 

—65 to 200 °C 

225 max 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (with collector ma = 0.1) 60 min volts 

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1) .. 5 min volts 

Collector-to-Emitter Sustaining Voltage : 

With base open and pulsed collector ma = 100* . 40 min volta 

With external base-to-emitter resistance = 10 ohms and 

pulsed collector ma = 100* .. 50 min volts 

Collector-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) . 1.4 max volts 

Base-to-Emitter Saturation Voltage (with pulsed collector ma 

= 150* and base ma = 15) . 1.7 max volts 

Collector-Cutoff Current (with collector-to-base volts = 30 

and emitter current = 0) . 0.25 max jua 

Emitter-Cutoff Current (with emitter-to-base volts = 4 and 

collector current — 0) . 0.25 max pai 

Thermal Resistance: 

Junction-to-case .. 97 max °C/watt 

Junction-to-ambient .. 350 max °C/watt 


In Common-Base Circuit 


Emitter-to-Base Capacitance (with emitter-to-base volt = 0.5 

and collector current = 0) . 80 max pi: 

Collector-to-Base Capacitance (with collector-to-base volts 

= 10 and emitter current = 0 ) ... 15 max pf 




















































306 


RCA Transistor Manual 


in Common-Emitter Circuit 


DC Forward Current-Transfer Ratìó (wìth collector-to-emitter 

_ 10 311(1 collector ma = 150*) .. 50 to 250 

Small-Signal Forward-Current-Transfer Ratio (with collector- 
to-emitter volts = 10, collector ma — 50, and frequency 

— 20 Me) .,.. 5 min 

Noise Figure (with collector-to-emitter volts = 10, collector 
ma =■ 0.3, generator resistance = 500 ohms, Circuit bandwidth 

= 15 kilocycles, and input frequency = 1 kilocycle) _., 8 max db 


* Pulse duration = 300 usec; duty factor = 0.018. 


SILICON RECTIFIER 

Hermetically sealed 10-ampere 
type for use at peak reverse voltages f 'W \ 

AM flO tip to 50 volts. This type is used in l -T- ì 
-v II vO generator-type power supplies in 
mobile equipment; dc-to-dc con- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera¬ 
tor s, and dc-motor power supplies; machine-tool Controls; welding and electro- 
plating equipment; dc-blocking Service; magnetic amplifiers; and a wide variety 
of other industriai power-control applications. JEDEC No. DO-4 package; out- 
line 2, Outlines Section. 

MAXIMUM RATBNGS 


For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 

DC Blocking Voltage . 

Average Forward Current (at case temperature of 150°C) 

Peak Recurrent Current . 

Peak Surge Current (at case temperature of 150°C) . 

Maximum Operating Temperature .. 


CHARACTERISTICS 

Maximum Reverse Current: 

Stati c (at case temperature = 25°C) . 

Dynàmic (at case temperature = 150°C) . 

Maximum Forward Voltage Drop (average value) 


50 max volts 
50 max volts 
10 max amperes 
40 max amperes 
140 max amperes 
175 max °C 


40108R 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40108. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 



SILICON RECTIFIER 

Hermetically sealed 10-ampere m 

type for use at peak reverse voltages /^T^\ 

/LAI AQ U P volts. This type is used in l Jr A 

HUIVy generator-type power supplies in V J 

mobile equipment; dc-to-dc convert- 
ers and battery chargers; power sup- 

plies for aircraft, marine, and missile equipment; transmitters, rf generatore, 
and dc-motor power supplies; machine-tool Controls; welding and electroplat- 
ing equipment; dc-blocking Service; magnetic amplifiers; and a wide variety 
of other industriai power-control applications. JEDEC No. DO-4 package; òut- 
line 2, Outlines Section. This type is identical with type 40108 except for thè 
following items: 


Technical Data 


307 


MAXIMUM RATINGS 


For power-supply frequency of 60 cps. sino le- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage 
DC Blocking ' Voltage 


100 max volts 
100 max ■ volts: 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40109. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 


40109R 


SILICON RECTIFIER 

rpA Hermetically sealed 10-ampere 

type for use at peak reverse volt- 
f W } ages U P to 200 volts. This type is ^A'I 1A 

l J used in generator-type power sup- I I U 

plies in mobile equipment; dc-to-dc 
K converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magnetic amplifiers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 

DC Blocking Voltage . 

CHARACTERISTICS 

Maximum Reverse Current: 

.Dynamic (at case temperature 


200 max volts 
200 max volts 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40110. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 


40110R 


SILICON RECTIFIER 

joa Hermetically sealed 10-ampere 

/^f\ type for use at peak reverse volt- 

[ w | ages up to 300 volts. This type is >IA1 1 1 

y T ) used in generator-type power sup- Ila 

plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magnetic amplifiers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section, This type is identical with type 40108 except 
for thè following items: . ... 
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MAXIMUM RATINGS 


For power-supply frequency of 60 cps single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage ... 

DC Blocking Voltage . 

CHARACTER1STICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) 


300 max 

volts 

300 max 

volts 

1.5 

ma 


40111R 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40111. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 



SILICON RECTIFIER 

Hermetically sealed 10-ampere fHA 

type for use at peak reverse volt- /^T^\ 

jaì ages up to 400 volts. This type is / JT j 

\ \ JL used in generator-type power sup- V J 

plies in mobile equipment; dc-to-dc 
converters and battery chargers; K 

power snpplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magne tic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section. This type is identica! with type 40108 except 
for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage ... 

DC Blocking Voltage ...... 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) 


400 max volts 
400 max volts 


40112R 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40112. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 



SILICON RECTIFIER 

Hermetically sealed 10-ampere 
type for use at peak reverse volt- 
mm *| ages up to 500 volts. This type is f xf ) 

I II used in generator-type power sup- \ ) 

plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and. 
electroplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
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variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for thè following items; 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps. single - 
phase operation , with resistive or inductive load 


Peak Rèverse Voltage .. , . 

DC Blocking Voltage ... 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) 


500 max volts 
500 max volts 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40113. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 


40113R 


rpA Hermetically sealed 10-ampere 

type for use at peak reverse volt- 
f ^jr \ ages up to 600 volts. This type is jai i j 

V J used in generator-type power sup- H U I I 

plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section, This type is identical with type 40108 except 
for thè following items: 

MAXIMUM RATINGS 


For power-supply frequency of 60 cps single - 
phase operation, with resistive or inductive load 


Peak Reverse Voltage _____ 

DC Blocking Voltage _ ....... 

CHARACTERISTICS 

Maximum Reverse Current: 
Dynamic (at case temperature 


600 max volts 
600 max volts 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40114. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 


40114R 


SILICON RECTIFIER 

ru Hermetically sealed 10-ampere 

XnpX type for use at peak reverse volt- 

f JT j ages up to 800 volts. This type is 1 C 

V “~T“ J used in generator-type power sup- nrV I I 
plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and 
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electroplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section. This type is identica!, with type 40108 except 
for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps. single - 
phase operation, with resistive or induciive ìoad 


Peak Reverse Voltage . 800 max volts 

DC Blocking Voltage . 800 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) .0-65 ma 


Si: .10 N RECTIFI 


40115R 


This type is a reverse-polarity 
version of type 40115. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 



SILICO N RECTI FI ER 

Hermetieally sealed 10-ampere m 

type for use at peak reverse volt- /"'’T'X 

1 / ages up to 1000 volts. This type is l ▼ J 

*tU fl I U used in generator-type power sup- V ” T ■ J 

plies in mobile equipment; dc-to-dc 
converters and battery chargers; L1K 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool Controls; welding and 
electroplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-4 pack¬ 
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for thè following items: 

MAXIMUM RATINGS 

For power-supply frequency of 60 cps, single- 
phase operation, with resistive or inductive load 


Peak Reverse Voltage . 

DC Blocking Voltage ... 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) 


1000 max 
1000 max 


40116R 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40116. JEDEC No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 



Hermetieally sealed 18-ampere rp A 

type for use at peak reverse volts 
>|A^AO U P to 50 volts. This type is used in f W \ 

4Ui.vO generator-type power supplies in l —T— J 

mobile equipment; dc-to-dc con- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera¬ 
tors, and dc-motor power supplies; machiiie-tool Controls; welding and elec- 
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troplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. 


MAXIMUM RATINGS 

Peak Reverse Voltage .. 

DC Blocking Voltage . 

Average Forward Current (at case temperature = 150°C) 

Peak Recurrent Current . 

Peak Surge Current (at case temperature = 15Ò°C) .... ! 
Maximum Operating Temperature . 


50 max volts 
50 max volts 
18 max amperes 
72 max amperes 
250 max amperes 
175 max °C 


CHARACTERISTICS 


Maximum Reverse Current: 

Static (at case temperature = 25°C) .. . 0 10 ma 

Dynamic (at case temperature = 150°C) .3.0 ma 

Maximum Forward Voltage Drop (average value) ... 0-65 volt 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40208. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section, 

SILICON RECTIFIER 


40208R 



Hermetieally sealed 18-ampere 
type for use at peak reverse volts up 
to 100 volts. This type is used in gen¬ 
erator-type power supplies in mo¬ 
bile equipment; dc-to-dc converters 
and battery chargers; power supplies 


40209 


for aircraft, marine, and missile equipment; transmitters, rf generators, and 
dc-motor power supplies; machine-tool Controls; welding and electroplating 
equipment; dc-blocking Service; magnetic amplifìers; and a wide variety of 
other industriai power-control applications. JEDEC No. DO-5 package; outline 
3, Outlines Section. This type is identical with type 40208 except for thè fol¬ 
lowing items: 


MAXIMUM RATINGS 

Peak Reverse Voltage 
DC Blocking Voltage 


100 max volts 
100 max volts 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40209. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 


40209R 


SILICON RECTIFIER 



Hermetieally sealed 18-ampere 
type for use at peak reverse volts 
up to 200 volts. This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con- 


40210 


verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera¬ 
tors, and dc-motor power supplies; machine-tool Controls; welding and elec¬ 
troplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-5 pack- 
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age; outline 3, Outlines Section. This type is identical with type 40208 except 
for thè following items: 

MAXIMUM RATINGS 

Peak Reverse Voltage .... 200 max volts 

DC Blocking Voltage ..... 200 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature — 150°C) . .. 2.5 ma 


4021OR 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40210. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 



SILICON RECTIFIER 

Hermetically sealed 18-ampere jn& 

type for use at peak reverse volts /^T^\ 

4AA1 "| up to 300 volts. This type is used in [VI 

I I generator-type power supplies in l ì 

mobile equipment; dc-to-dc con- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera- 
tors, and dc-motor power supplies; machine-tool Controls; welding and elec- 
troplating equipment; de-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. This type is identical with type 40208 except 
for thè following items: 

MAXIMUM RATINGS 

Peak Reverse Voltage . 300 max volts 

DC Blocking Voltage . 300 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) .. 2.5 ma 


300 max 
300 max 


4021 IR 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40211. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 


SILICON RECTIFIER 

Hermetically sealed 18-ampere joa 

type for use at peak re verse volts up 
jaa i to 400 volts. This type is used in f y y \ 

I JL generator-type power supplies in V J 

mobile equipment; dc-to-dc con- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera- 
tors, and dc-motor power supplies; machine-tool Controls; welding and elec- 
troplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other power-control applications. JEDEC No. DO-5 package; outline 
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3, Outlines Section. This type is identical with type 40208 except for thè fol¬ 
lowing items: 

MAXIMUM RATINGS 

Peak Reverse Voltage . 400 max volts 

DC Blocking Voltage . 400 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) . 2.0 ma 



SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40212. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 


40212R 


SILICON RECTIFIER 

jha Hermetically sealed 18-ampere 

type for use at peak reverse volts 
( w \ up to 500 volts. This type is used in A 'i n 
V ‘ T J generator-type power supplies in .UaIO 

mobile equipment; dc-to-dc con- 
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera- 
tors, and dc-motor power supplies; machine-tool Controls; welding and elec- 
troplating equipment; dc-blocking Service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-5 pack¬ 
age; outline 3, Outlines Section. This type is identical with type 40208 except 
for thè following items: 

MAXIMUM RATINGS 

Peak Reverse Voltage . 500 max volts 

DC Blocking Voltage . 500 max volts 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) . 1.75 ma 


500 max 
500 max 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40213. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 


40213R 


SILICON RECTIFIER 

JlU Hermetically sealed 18-ampere 

/T\ type for use at peak reverse volts 

f Jr \ up to 600 volts. This type is used >1001/1 

V *”T J in generator-type power supplies in HÌIjL I Hr 

mobile equipment; dc-to-dc convert- 
ers and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera- 
tors, and dc-motor power supplies; machine-tool Controls; welding and elec- 
troplating equipment; dc-blocking service; magnetic amplifìers; and a wide 
variety of other industriai power-control applications. JEDEC No. DO-5 pack- 















314 


RCA Transistor Manual 


age; outline 3, Outlines Section. This type is identical with type 40208 except 
for thè following items: 


MAXIMUM RATINGS 

Peak Reverse Voltage . 

DC Blocking Voltage .!.’.!!!!! 

CHARACTERISTICS 

Maximum Reverse Current: 

Dynamic (at case temperature = 150°C) 


600 max volts 
600 max volts 


1.5 ma 


40214R 


SILICON RECTIFIER 

This type is a reverse-polarity 
version of type 40214. JEDEC No. 
DO-5 package; outline 3, Outlines 
Section. 



40216 


SILICON CONTROLLED RECTIFIER 

Diffuseci-junction n-p-n-p type 
used in a wide variety of high- 
current pulse applications. This type 
is designed to meet stringent military 
environmental and mechanical speci- 
fìcations. The special high-strength 



A 

(STUO) 


copper alloy stud can withstand an installing torque up to 50 inch-pounds» 


JEDEC No. TO-48 package; outline 19, Outlines Section. 


MAXIMUM RATINGS 


Peak Reverse Voltage: 

' Repetitive ... ' 600 max volts 

Non-repetitive . 720 max volts 

Peak Forward Blocking Voltage (repetitive) . 600 max volts 

Peak Forward Gate Current . 2 max amperes 

Peak Gate Voltage: 

Forward . 10 max volts 

Reverse . 5 max volts 

Peak Gate Power . 5 max watts 

Average Gate Power . 0.5 max watt 

Temperature Range: 

Operating (case) .. —65 to 125 °C 

Storage . —65 to 150 °C 

CHARACTERISTICS 

Forward Breakover Voltage (at case temperature of 125°C) .. 600 min volts 

DC Gate-Trigger Voltage: 

At case temperature of —40°C ... ..... . 3.5 max volts 

At case temperature of —65°C .. 3.7 max volts 

At case temperature of 100°C ... 0.3 min volt 

At case temperature of 125°C . 0.25 min volt 

Instantaneous Blocking Current (at case temperature of 125°C) : 

Forward . 10 max ma 

Reverse . 10 max ma 

DC. Gate-Trigger Current: 

Àt case temperature of —65°C .; ... 150 max ma 

At case temperature of 25°C . 80 max ma 

, At case temperature of 125° C .. 45 max ma 

Holding Current (at case temperature of 125°C) ... 8 ma 

Thermal Resistarice (junction-to-case) .. 2 max °C/watt 
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SILICON RECTIFIERS 


Hermetically sealed types used 
rpiAl in power-supply applications at 

wlV I Vi peak reverse voltages up to 10,000 wl V 

CpDi)Cf| volts. These types consist of series- W] j 3 

^CKVIU connected Silicon rectifier cells J 

shunted by a voltage-equalizing 

network and molded into a compact, rugged case of insulating material. 
The integrai resistance-capacitance network equalizes thè reverse voltages 
across thè rectifier cells under both steady-state and transient conditions. 
These types are designed to meet stringent environmental and mechanical 
specifications. Outline 29, Outlines Section. 


Common Parameters 

Peak Recurrent Current .. 

5 amperes 

Surge Current* .... 

. . 15 amperes 

Maximum Reverse Current: 

Dynamic (for complete cycle and for 
operation at maximum ratings) ...... 

. o 0.3 ma 

Static (at maximum rated de blocking 
voltage and any temperature within 
thè operating temperature range) . . » . 

... 0.6 ma 

Ambient Temperature Range (operating 
and Storage) .... 

—65 to 125 °C 


MAXIMUM RATINGS (Half-wave Rectifier Service) 
For power-supply frequency of GO cps, single-pftase 


CHARACTER- 

ISTICS 


RCA 

Type 

Peak 

Reverse 

Voltage 

(volts) 

iperation, with 
Transient 
Reverse 
Voltage** 
(volts) 

resistive or 

RMS 

Supply 

Voltage 

(volts) 

inductive load 

DC 

Blocking 

Voltage 

(volts) 

Average 

Forward 

Currentf 

(ma) 

Max 

Forward 

Voltage 

Drop# 

(volts) 

Shunt 

Capaci¬ 

tante 

(Pf) 

CRIOI 

1200 

1440 

840 

1200 

850 

1.2 

350-600 

CRI 02 

2000 

2400 

1400 

2000 

825 

2.4 

175-320 

CRI 03 

3000 

3600 

2100 

3000 

725 

3.0 

140-250 

CR104 

4000 

4800 

2800 

4000 

625 

4.2 

100-175 

CRI 05 

5000 

6000 

3500 

5000 

625 

4.8 

85-160 

CRI 06 

6000 

7200 

4200 

6000 

575 

6.0 

70-125 

CRI 07 

7000 

8400 

4900 

7000 

550 

7.2 

60-105 

CRI 08 

8000 

9600 

5600 

8000 

550 

7.8 

55-100 

CR109 

9000 

10800 

6300 

9000 

550 

9.0 

45-90 

CRII 0 

10000 

12000 

7000 

10000 

550 

9.6 

40-80 


* For one-half cycle, sine-wave; for one or more cycles, see Rating Chart I. Super- 
imposed on device operating within maximum voltage, current, and temperature 
ratings; may be repeated after sufficient time has elapsed for thè de vice to return to 
thè presurge thermal-equilibrium conditions. 

** Non-repetitive, for duration of 5 milliseconds maximum. The value given is for am- 
bient temperatures from 60 to 125°C; for ambient temperatures up to 60°C, see 
Rating Chart II. 

f For ambient temperatures up to 60°C; for temperatures above 60°C, see Rating 
Chart III. 

$ For complete cycle and for operation at maximum ratings. For instantaneous forward* 
voltage drop, see Instantaneous Forward Characteristics Curve. 


_ RATING CHART 1 _ 

CRIOI SERIES 

SUPPLY FREQUENCY * 60 CPS SINE WAVE 
LOAD: RESISTIVE OR INDUCTIVE. 


rating chart re 


m i,o i 

s5< 

XOlil 

3>5. 
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BY THE FOLLOWING FACTOR.' 


1 CRIC 

Il SERIES 































































, AMPIENT .TEMPERATURE — • C 

92CS-U7QSTG 


TYPICAL FORWARD CHARACTERISTICS 

1 I T l -1—-1-1- 

CRIOI SERIES 

MULTIPLY VOLTAGE SCALE BY THE 
FOLLOWING FACTORS FOR THE 
INDICATED TYPES 


-TYPE OF OPERATION 

FACTOR 

DIRECT CURRENT 

1*1 Q 

-three phase 

0.89 

SIX PHASE 

0.68 

load: resistive or inductive. ~ 
—1 1 1 1 1 1 1 


RCA TYPE 

FACTOR RCA TYPE 

FACTOR 

CRIOI 

2 CRI06 

IO 

CR 102 

4 CRI07 

12 - 

CR 103 

5 CR [08 

13 

CR 104 

1 CRI09 

15 

CR 105 

hJAViaai ita . 

8 CRI IO 

ie * 


TYPICAL-- 


W / 

_A / / 
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SILICON RECTIFIERS 


Hermetically sealed types used 
P°wer-supply applications at X X 

\*rvxU . peak reverse voltages up to 12,000 A f kj ] A 
volta. These types consist of series- ^ l 
connected, matched Silicon rectifìer 
cells molded into a compact, rugged 

case of insulating material. The matched cells assure equalization of internai 
voltages under both steady-state and transient conditions. These types are 
designed to meet stringent environmental and mechanical specifìcations. 
Outline 30, Outlines Section. 


Common Parameters 


Average Forward Current* . 300 ma 

Peak Recurrent Current. 3 amperes 

Surge Current** . 9 amperes 

Maximum Reverse Current: 


Dynamic (for complete cycle and for 
operation at maximum ratings at 100°C) 0.1 ma 


Static at maximum rated de blocking 
voltage and any temperature within 
thè operating range: 

25°C ...0.01 ma 

100°C . 0.2 ma 

Ambient Temperature Range (operating 
and Storage) . —65 to 125°C 


MAXIMUM 

RATINGS 

(Half-wave 

Rectifìer Service) 


CHARAC- 

TERISTICS 


for 

power-supply frequency of 60 cps r single-phase 1 




operation, with 

resistive or inductive load 


Max 


Peak 

Transient 

RMS 

DC 

Fomard 

RCA 

Reverse 

Reverse 

Supply 

Blocking 

Voltage 

Type 

Voltage 

Voltagef 

Voltage 

Voltage 

Drop# 


(volts) 

(volts) 

(volts) 

(volts) 

(volts) 

CR201 

1500 

1800 

1060 

1500 

1.8 

CR203 

3000 

3600 

2120 

3000 

3 

CR204 

4500 

5400 

3180 

4500 

3.6 

CR206 

6000 

7200 

4240 

6000 

6 

CR208 

8000 

9600 

5650 

3000 

6 

CR210 

10000 

12000 

7070 

10000. 

7.2 

CR212 

12000 

14400 

8430 

12000 

9 


* For ambient temperatures up to 60°C; for temperatures above 60°C, see Rating Chart iJ 
** For one-half cycle, sine wave; for one or more cycles, see Rating Chart IL Super* 
imposed on device operating within maximum voltage, current, and temperature-, 
ratings; may be repeated after sufficient time has elapsed for thè device to return to' 
thè presurge thermal-equilibrium conditions. 
t Non-repetitive, for duration of 5 milliseconds maximum. The value given is foi 
ambient temperature from 60 to 125°C; for ambient temperatures up to 60°C, see 
Rating Chart III. 

t For complete cycle and for operation at maximum ratings. For instantaneous forward 
voltage drop, see Instantaneous Forward Characteristics Curve. 


FORWARD AMPERES 


Data 


TYPICAL FORWARD CHARACTERISTICS, 

CR20I SERIES ' 1 ’ ’ ' 

TO DETERM1NE INSTANTANEOUS FORWARD 
" VOLTAGE MULTIPLY VOLTAGE SCALE 
BY THE FOLLOWING FACTORS 
FOR THE TYPES SHOWN: 


RCA TYPE I FACTOR 


RATING. CHART X _ 

-CR20I SERIES ' ' * 1 ~ 

FOR DC AND POLYPHASE OPERATION 
MULTIPLY MAXIMUM-AVERAGE- ’ 

- FORWARD-CURRENT RATING FOR - 

fA Cl ^ REC ,7 IFIER BY ™E follow- 

__ ING FACTOR: 

TYPE OF OPERATION FACTOR 

- DIRECT CURRENT 1.10 

THREE PHASE 0.89 

SIX PHASE 0.68 

LOAD; RESISTIVE OR INDUCTIVE "~ 


< -75 -50 -25 0 25 50 75 ' 100 12$ 

* AMBIENT TEMPERATURE—°C 

92CS-II704T 


|°-TYPICAL 



0$ 0.7 0.9 U [3 1^5 [*9 

INSTANTANEOUS. FORWARD V0LTS 

9ZCM-U707T 


fiATING CHART X 


CR20I SERIES 


FREOUENCY « 60 CPS SINE WAVE 
LOAD: RESISTIVE OR INDUCTIVE 
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SURGE-CURRENT DURATION — CYCLES 
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SILICON RECTIFIERS 

Hermetically sealed fìn-mounted 
rpiOAl types used in power-supply appli- 

V*IYwU I cations at peak reverse voltages up t f w I \ * 
QEniEr to 9600 volts. These types consist ^| ~T 

JklìJlLV of series-connected Silicon rectifìer 

cells shunted by a voltage-equaliz- 

ing network. The integrai resistance-capacitance network equalizes thè re¬ 
verse voltages across thè rectifìer cells under both steady-state and transient 
conditions. These types are designed to meet stringent environmental and 
mechanical specifications. For instantaneous forward voltage drop for these 
types, see Instantaneous Forward Characteristics Curve. Outline 47, Outlines 
Section. 


Common Parameters 


Maximum Reverse Current: 

Dynamic (for complete cycle and for 

operation at maximum ratings) . 1.5 ma 

Static (at maximum rated de block- 
ing voltage and any temperature 
within thè operating temperature 

range) . 2.0 ma 

Shunt Capacitance . 0.01 fxi 

Ambient Temperature Range (operat¬ 
ing and Storage) .. —55 to 125°C 


MAXIMUM RATINGS (Half-wave Rectifìer Service) 


RCA 

Type 

For pcwer-suppty frequency of 60 cps, single-phase operation, with resistive or inductive load 
Peak Transient DC Average RMS 

Ha. Reverse Reverse RMS Blocking Forward Forward Surge 

of Voltage Voltage* Voltage Voltage Current** Current Currentf 

Cells (volts) (volts) (volts) (volts) (amperes) (amperes) (amperes] 

CR3Q1 

4 

2400 

2880 

1695 

2400 

5 

7.8 

250 

CR3Q2 

6 

3600 

4320 

2545 

3600 

5 

7.8 

250 

CR3Q3 

8 

4800 

5760 

3395 

4800 

5 

7.8 

250 

CR3Q4 

10 

6000 

7200 

4240 

6000 

5 

7.8 

250 

CR305 

12 

7200 

8640 

5090 

7200 

5 

7.8 

250 

CR306 

14 

8400 

10080 

5935 

8400 

5 

7.8 

250 

CR3Q7 

16 : 

9600 

11520 

6785 

9600 

5 

7.8 

250 

CR311 

4 

2400 

2880 

1695 

2400 

9 

14 

250 

CR312 

6' 

3600 

4320 

2545 

3600 

9 

14 

250 

CR313 

8 

: 4800 

5760 

3395 

4800 

9 

14 

250 

CR314 

10 

6000 

7200 

4240 

6000 

9 

14 

250 

CR315 

12 

7200 

8640 

5090 

7200 

9 

14 

250 

CR316 

14 

8400 

10080 

5935 

8400 

9 

14 

250 

CR317 

16 

9600 

11520 

6785 

9600 

9 

14 

250 

CR321 

4 

2400 

2880 

1695 

2400 

12 

18.8 

400 

CR322 

6 

3600 

4320 

2545 

3600 

12 

18.8 

400 

CR323 

8 

4800 

5760 

3395 

4800 

12 

18.8 

400 

CR324 

10 

6000 

7200 

4240 

6000 

12 

18.8 

400 

CR325 

12 

7200 

8640 

5090 

7200 

12 

18.8 

400 

CR331 

4 

2400 

2880 

1695 

2400 

17 

26.5 

400 


MAXIMUM SUrgE AMPERE PER CYCLg 
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Peak 

Transient 


DC 

Average 

RMS 


RCA 

No. 

Reverse 

Reverse 

RMS 

Blocking 

Forward 

Forward 

Surge 

Type 

of 

Voltage 

Voltage* 

Voltage 

Voltage 

Current** 

Current 

Currentf 


Cells 

(volts) 

(volts) 

(volts) 

(volts) 

(amperes) 

(amperes) (amperes) 

CR332 

6 

3600 

4320 

2545 

3600 

17 

26.5 

400 

CR333 

8 

4800 

5760 

3395 

4800 

17 

26.5 

400 

CR334 

10 

6000 

7200 

4240 

6000 

17 

26.5 

400 

CR335 

12 

7200 

8640 

5090 

7200 

17 

26.5 

400 

CR341 

4 

2400 

2880 

1695 

3600 

23 

36 

850 

CR342 

6 

3600 

4320 

2545 

4800 

23 

36 

850 

CR343 

8 ’ 

4800 

5760 

3395 

6000 

23 

36 

850 

CR344 

10 

6000 

7200 

4240 

2400 

23 

36 

850 

CR351 

4 

2400 

2880 

1695 

3600 

35 

55 

850 

CR352 

6 

3600 

4320 

2545 

4800 

35 

55 

850 

CR353 

8 

4800 

5760 

3395 

6000 

35 

55 

850 

CR354 

10 

6000 

7200 

4240 

2400 

35 

55 

850 


Rating ChaS P ! r on Ur pag| r 322 5 ° t0 125 ° C; f ° r arabient temperature.? up to 50°C, see 
**Chart a n b on n page m 322 ratUreS UP ‘° 50 ° C: f ° r tem P eratures above 50°C, see Rating 

f For one-half cycle, sine-wave; for one or more cycles, see Rating Chart III. Super- 
ìmposed on device operating withm maximum voltage, current, and temperature 
ratings; may be repeated after sufflcient time has elapsld for thè device to return to 
thè presurge thermal-equilibrium conditions. ° 


RATING CHART UT 
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TUNNEL DIODES 


RCA 

Type 

Electrical Characteristics 

(at 25°C Ambient Temperature) 

Peak Max 
Forward Valley 
Current Current 
(ma) (ma) 

Min 

Peak-to- 
Valley- Peak 
Current Voltage 
Ratio (mv) 

Min 

Valley 

Voltage 

(mv) 

Forward 

Voltage 

(mv) 

Max 

Capaci¬ 

tale* 

(Pf) 

Max 

Series 

Resis- 

tance 

(ohms) 

Rise Timi 
(psec) 

max. typ. 

1N3128 

4.75-5.25 

0.8 

8:1 

40-80 

280 

445-530 

15 

3 

5000 

1000 

1N3129 

19-21 

2.4 

8:1 

50-100 

300 

474-575 

20 

2.5 

2000 

300 

IN 3130 

47.5-52.5 

6 

8:1 

70-120 

350 

520-620 

25 

1.5 

500 

160 

1N3847 

4.5-5.5 

0.75 

6:1 

— 

— 

430-590 

25 

3 

__ 

900 

1N3848 

9-11 

1.5 

6:1 

— 

— 

440-600 

25 

2.5 

— 

1800 

1N3849 

18-22 

3 

6:1 

__ 

_ 

460-620 

30 

2 

_ 

600 

1N385I 

45-55 

7.5 

6:1 

— 

— 

530-640 

40 

1.5 

— 

350 

1N3851 

90-110 

15 

8:1 

— 

— 

540-650 

40 

1 

— 

125 

IN 3852 

4.75-5.25 

0.6 

8:1 

50-90 

330 

490-560 

15 

3 

— 

1200 

1.N3853 

9.5-10.5 

1.2 

8:1 

55-95 

350 

510-580 

15 

2.5 

— 

600 

1N3854 

19-21 

2.4 

8:1 

65-105 

365 

530-600 

20 

2 

__ 

400 

1N3855 

47.5-52.5 

6 

8:1 

80-130 

380 

550-620 

25 

1.5 

— 

200 

1N3856 

95-105 

12 

8:1 

90-140 

390 

560-630 

25 

1 

— 

75 

1N3857 

4.75-5.25 

0.6 

8:1 

50-90 

330 

490-560 

8 

3 

— 

600 

1N3858 

9.5-10.5 

1.2 

8:1 

55-95 

350 

510-580 

8 

2.5 

— 

300 

IN3859 

19-21 

2.4 

8:1 

65-105 

365 

530-600 



_ 

150 

1N3868 

47.5-52.5 

6 

8:1 

80-130 

380 

550-620 



— 

200 

40058 

47.5-52.5 

— 

12:1 

-200 

500 

1050 — 

20** 

3 

500 

333 

40059 

45-55 

— 

10:1 

-200 

450 

1080 — 

40** 

2.5 

1000 

667 

40860 

19-21 

— 

Ibi 

-180 

500 

1000 — 

15** 

8 

1000 

600 

40061 

18-22 

_ 

9:1 

-180 

450 

900 — 

30** 

5 

2000 

1250 

40062 

9.5-10.5 

— 

10:1 

-180 ' 

500 

1000 — 

10** 

9 

1250 

1000 

40063 

9-11 

■ — 

9:1 

-180 

450 

&00- 

25** 

5 

3000 

2000 

40064 

4.75-5.25 

— 

10:1 

-170 

500 

950 — 

8** 

18 

2000 

1250 

40065 

4.S-5.5 

— 

8:1 

-170 

420 

900- 

20** 

12 

6000 

3000 

40076 

180-220 

__ 

15:1 

240 typ 

600 typ — 

25** 

0.9 

_ 


40077 

0.9-1.1 

0.15 

6:1 

60 typ 

335 typ —550 

5** 

4 

— 

«c 

40978 

0.9-1.1 

0.18 

5:1 

60 typ 

330 typ 400-550 

10** 

6 

— 

— 


* Includes c-ase capacitance of 0.8 pf. 

** Actual recorded capacitance reatfmgs are provided with this type. This value minus 0.8 pf determines 
thè junction capacitance. 
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TUNNEL DIODES 


Maximum Ratings 

(at 25 C Ambient Temperature) 


DC Current 
(ma) 

Forward Re 


Ambient- 
Temperature (°C) 
Dissipation $ Range 
v (mw) Operating Storage 


40 

70 

20 

-65 to 150 -65 : 

55 

85 

30 

-65 to 150 -65 1 

70 

100 

. 40 

-65 to 150 -651 

10 

15 

5 

-35 to 100 

18 

25 

15 

-35 to 100 

35 

50 

20 

-35 to 100 

85 

125 

50 

-35 to 100 

170 

250 

100 

-35 to 100 

10 

15 

5 

-35 to 100 

18 

25 

10 

-35 to 100 

35 

50 

20 

—35 to 100 

85 

125 

50 

-35 to 100 

170 

250 

100 

-35 to 100 

10 

15 

5 

-35 to 100 

18 

25 

10 

-35 to 100 

35 

50 

20 

-35 to 100 

85 

125 

50 

-35 to 100 

0.5ma/pft 

250 

— 

-30 to 85 

0.5ma/pff 

250 

— 

-30 to 85 

0.5ma/pft 

100 

— 

-30 to 85 

0.5ma/pft 

100 

— 

-30 to 85 

0.5ma/pft 

50 

— 

-30 to 85 

0.5ma/pft 

50 

— 

-30 to 85 

0.5ma/pft 

25 

— 

-30 to 85 

0.5ma/pft 

25 

— 

-30 to 85 

0.5ma/pft 

400 

_ 

-30 to 85 

1.6t 

2.5 

— 

-30 to 85 

1.6t 

2.5 

— 

-30 to 85 

t Above 25°C, 

derate 

linearly tc 

) valley current ; 

tAbove 25°C, 

de rate li 

nearly to 

0 mw at 100°C. 


Lead 

Temperature (°C) 
seconds maximum) 

Material 

out- 

line 

RCA 

Type 

175 

Ge 

36 

1N3128 

175 

Ge 

36 

1N3129 

175 

Ge 

36 

1N3139 

175 

Ge 

36 

1N3847 

175 

Ge 

36 

1N3848 

175 

Ge 

36 

1N3849 

175 

Ge 

36 

1N3850 

175 

Ge 

36 

1N3851 

175 

Ge 

36 

1N3852 

175 

Ge 

36 

IN 3 85 3 

175 

Ge 

36 

ÌN3854 

175 

Ge 

36 

1N3855 

175 

Ge 

36 

1N3856 

175 

Ge 

36 

1N3857 

175 

Ge 

36 

1N3858 

175 

Ge 

36 

1N3859 

175 

Ge 

36 

1N3860 


38 

40058 

38 

40059 

38 

40060 

38 

40061 

38 

40062 

38 

40063 

38 

40064 

38 

40065 

39 

40076 

38 

40077 

38 

40078 


f 
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TUNNEL RECTIFIERS 


RCA 

Type 

Material 

Out- 

line 

(at 

Electrical Characteristics 

25°C Ambient Temperature) 

Peak 

Current 

(ma) 

Min Forward 
Voltage 
at 1 ma 
(mv) 

Max Reverse 
Voltage 
at IO ma 
(mv) 

Max Reverse 
Voltage 
at 30 ma 
(mv) 

Max 

Capa¬ 

citance 

(Pf) 

1N3861 

Ge 

37 

0 . 1-1 

400 

170 

— 

6* 

IN3862 

Ge 

37 

0 . 1-1 

420 

150 

300 

4* 

1N3863 

Ge 

37 

0.1-0.5 

435 

150 

300 

4* 

40054 

GaAs 

38 

1 

950 

300 

— 

6** 

40055 

GaAs 

38 

0.5 

950 

350 

— 

6** 

40056 

GaAs 

38 

1 

950 

225 

— 

6** 

40057 

GaAs 

38 

0.5 

950 

275 

— 

6** 


* Includes case capacitance of 0.4 pf. 
** Includes case capacitance of 0.8 pf. 


HIGH-CURRENT TUNNEL DIODES 


lElectrical Characteristics (at 25°C Ambient Temperature) 


RCA 

Type Material 

Out- 

line 

Peak 

Current 

(ma) 

Min 

Peak-to 

Valley- 

Current 

Ratio 

Max Min 

Peak Val ley 
Voltage Voltage 
(mv) (mv) 

Min 

Forward 

Voltage 

(mv) 

Typ 

Capaci¬ 

tance 

(ufd) 

Typ 

Series 

Resistance 

(ohms) 

Typ 

Rise 

Time 

(nsec) 

Typ 

Junction 

Resistance 

(ohms) 

40066 

Ge 

2 

0.9-1.1 

8:1 

125 

300 

490 

0.002 

0.055 

1 

0.12 

40067 

Ge 

2 

4.5-5.S 

8:1 

130 

300 

490 

0.016 

0.014 

1.5 

0.024 

40068 

Ge 

3 

9.0-11.0 

8:1 

130 

300 

490 

0.045 

0.007 

2 

0.012 

40069 

Ge 

3 

18-22 

8:1 

130 

300 

490 

0.090 

0.0035 

2 

0.006 

, 40070 

Ge 

40 

90-110 

8:1 

130 

300 

430 

0.5 

0.0006 

2 

0.0012 

40079 

GaAs 

40 

1 180-220 

10:1 

180 

550 

- 

1.25 

0.0002 

4 

0.001 
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TUNNEL RECTIFIERS 


Maximum Ratings (at 25 c 

C Ambient Temperature) 


DC Current 

(ma), 

Forward ' Reverse 

Dissipation $ 
(mw) 

Ambient-Temperature (°C) 
Range 

Gperating and Storage 

Lead 

Temperature 
(3 seconds 
maximum) 

RCA 

Type 

10 

30 

10 

-35 to 100 

175 

1N3861 

10 

30 

10 

-35 to 100 

175 

1N3862 

10 

30 

10 

-35 to 100 

175 

1N3863 

0.5ma/pf 

15 

— 

—35 to 85 

— 

40054 

0.5ma/pf 

15 

— 

—35 to 85 

— 

40055 

0.5ma/pf 

15 

— 

-35 to 85 

— 

40056 

0.5ma/pf 

15 

— 

-35 to 85 

— 

40057 


i Above 25°C, derate lineariy to 0 mw at 100°C. 


HIGH-CURRENT TUNNEL DIODES 


Maximum Ratings (at 25°C Ambient Temperature) 

Dissipation f 
(watts) 

Ambient-Temperature (°C) 

Range 

Operating and Storage 

RCA 

Type 

0.45 

-55 to 85 

40066 

1.7 

-55 to 85 

40067 

- 3.5 

—55 to 85 

40068 

7.0 

-55 to 85 

40069 

30.0 

—55 to 85 

40070 

50.0 

—55 to 85 

40079 


t Above 25°C, derate lineariy to 0 watt at 85°C. 



328 


RCA Transistor Manual 


VARACTOR DIODES 

(VI 000 to V7000 Series) 

Silicon and gallium arsenide types used in a wide 
variety of industriai circuits such as frequency mul- 
tipliers, reactance tuners, rf limiters, parametric 
amplifiers, rf switches, and rf modulators. These 
types offer cutoff frequencies to 300 gigacycles and 
breakdown voltages to 200 volts. 


S-V0L.T GALLIUM ARSENIDE PARAMETRIC AMPLI FI ER TYPES 


Minimum Breakdown Voltage at reverse /^a = 10 . . 6 volts 

Maximum Dissipation at case temperature = 25°C . . 150* mw 

Storage and Operating Temperature Range.—269 to 150 °C 

Case Inductance (typical) . 0.35 nh 

Case Capacitance (typical) . 0.35 pf 


Pili Package (outline 41) 


Cutoff 




Junction Capacitancef—pf 




(Gc) 

0.15-0.3 

0.15-0.25 

0.2-0.4 

0.3-0.6 0.15-0.2 

0.2-0.3 

0.3-0.4 

0.4-0.6 

125 

VI 000 

— 

VI ODI 

VI 002 VI 003 

VI 004 

VI 005 

VI 006 

150 

VI 010 

— 

V1011 

VI 012 VI 013 

VI 014 

VI 015 

VI 016 

175 

V1O20 

— 

VI 021 

VI 022 VI023 

VI 024 

VI 025 

VI 026 

200 

VI 030 

— 

VI 031 

— VI 033 

VI 034 

VI 035 

— 

225 

VI 0140 

_ 


- VI 043 

VI 044 

— 

— 

250 

V'1050 

— 

_ 

- VI 053 

VI 054 

— 

— 

300 

— 

VI 060 

— 

— — 

— 

— 

_ 


Prong Package (outline 42) 


Cutoff 

Frequency** 

Junction Capacitancef—pf 

(Gc) 

8.15-0.3 

0.15-0.25 

0.2-0.4 

0.3-0.6 

0.15-0.2 

0.2-0.3 

0.3-0.4 

0.4-0.6 

125 

V2000 

— 

V2001 

V2G02 

V2003 

V2004 

V2005 

V20Q6 

150 

V2010 

— 

V2011 

V2012 

V2013 

V2014 

V2015 

V2Q16 

175 

V2020 

— 

V2021 

V2022 

V2023 

V2024 

V2025 

V2026 

200 

V2030 

— 

V2031 

— 

V2033 

V2034 

V2035 

— 

225 

V2040 

— 

— 

— 

V2043 

V2044 

— 

— 

250 

V2050 

— 

— 

— 

V2053 

V2054 

— 

— 

300 

■ 

V2060 

— 

— 

— 

— 

— 

— 


* Derate linearly to zero at maximum rated temperature. 

** Calculated from Q measured at reverse volts = —6 at 10 gigacycles. Cutoff frequency = 

—-— 1 — = Qf where Rs is thè series resistance, Cj is thè junction capacitance, and 

2,7T Iva Cj 

Q is thè quality factor at frequency f. 

f Measured at reverse volts = —6, frequency = 1 Me. Junction capacitance = Co 

^ 1 -] where Co is thè capacitance at zero bias, V is thè bias voltage, 0 is ap- 

proximately 1.1 volts, and n is typically 0.4. 
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30-VOLT GALLIUM ARSENIDE POWER VARACTORS 
(Outline 42) 


Minimum Breakdown Voltage at reverse current 

= 10 p,a .. 30 volts 

Maximum Dissipation* at case temperature = 25°C: 

Por types having Cj = 0.2 to 0.4 pf. 300 mw 

For types having Cj = 0.4 to 0.8 pf.. 400 mw 

For types having Cj = 0.8 to 1.2 pf . 500 mw 

Storage and Operating Temperature Range.—196 to 150 °C 

Case Inductance (typical) ... 0.35 nh 

Case Capacitance (typical) . 0.35 pf 


Cutoff 

Frequency** 

(Gc) 



Junction 

Capacitancef—pf 



Min 

(Vr = —«v) 

xn 

(Vr = —30v> 

0.2-0.8 

8.4-1.2 

0.4-1.1 

0.2-0.4 

0.4-0.8 

0.8-1.2 

0.8-1.1 

20 

35 

V3000 

V30D1 

— 

V3002 

V3003 

V3004 

_ 

40 

65 

V3010 

V3Q11 

— 

V3D12 

V3013 

V3014 

— 

60 

100 

V3020 

V3021 

— 

V3022 

V3023 

V3024 

— 

60 

135 

¥3030 

— 

V3031 

V3032 

V3033 

— 

V3034 

100 

170 

V3040 

— 

— 

V3042 

V3043 

— 


120 

200 

V3050 



V3052 

V3053 


— 


45-VOLT GALLIUM ARSENIDE POWER VARACTORS 
(Outline 42) 

Minimum Breakdown Voltage at reverse current 


= 10 ita 





AK 


Maximum Dissipation* at case temperature = 25°C: 

For types having Cj = 0.2 to 0.4 pf_____ 

For types having Cj = 0.4 to 0.8 pf. 

For types having Cj = 0.8 to 1.2 pf .. . 

Storage and Operating Temperature Range . 

Case Inductance (tvoical) 

300 

400 

600 

■ —190 to 150 
n qk 

mw 

mw 

mw 

°C 

Case Capacitane* 

ì (typical). 



• 

0.35 

pf 

Cutoff 

Frequency** 

(Gc) . 


Junction 

Capacitancef—pf 



Min Tyn 

(Vr = —Sv) (Vr = —45v) 

0-2-0.8 8.4-1.2 

0.4-1.1 

0.2-8.4 

0.4-0.8 

0.8-1.2 

0.8-1.1 

20 40 

40 15 

60 115 

60 1155 

100 190 

¥3100 V31Q1 

¥3110 V3111 

V3120 V3121 

¥3130 

¥3140 - 

V3131 

V3102 

V3112 

V3122 

V3132 

V3142 

V3103 

V3113 

V3123 

V3133 

V3143 

V3104 

V3114 

V3124 

V3134 


* Derate linearly to zero at maximum rated temperature. 


** C ^ lculate d from Q measured at reverse volts = -6 at 10 gigacycles. Cutoff frequency = 

2t r R 8 Cj “ Qf where is thè series resistance, Cj is thè junction capacitance, and Q is 
thè quality factor at frequency f. 

t Measured at reverse volts = -6, frequency = 1 Me. Junction capacitance = Co 
| ^ n where Co is thè capacitance at zero bias, V is thè bias voltage, 0 is ap- 

proxìmately 1 volt, and n is typically 0.35. 
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60-VOLT SILICON MICROWAVE POWER VARACTORS 
(Outiine 44) 

Minimum Breakdown Voltage at reverse /xa = 10 .. 60 volts 

Maximum Dissipation at case temperature = 25°C .. 2.5* watts 

Storage and Operating Temperature Range. —65 to 175 °C 

Case Capacitance (typical) . 0.6 pf 


Cutoff 

Frequency** 

(Gc) 


Junction Capacitancef— pf 
1 . 2 - 1.8 


75-VOLT SILICON MICROWAVE POWER VARACTORS 
(Outiine 44) 

Minimum Breakdown Voltage at reverse = 10 .. 75 volts 

Maximum Dissipation at case temperature = 25°C .. 2.5* watts 

Storage and Operating Temperature Range. —65 to 175 °C 

Case Capacitance (typical) . 0.6 pf 


Cutoff 

Junction Capacitancef—pf 

(Gc) 

0.6-1.2 

1.2-1.0 

1.8-2.5 

35 

50 

V71QQ 

V7110 

V7101 

V7111 

V7102 

V7112 


90-VGLT SILICON MICROWAVE POWER VARACTORS 
(Outiine 44) 

Minimum Breakdown Voltage at reverse fia, = 10 .. 90 volts 

Maximum Dissipation at case temperature = 25°C .. 2.5* watts 

Storage and Operating Temperature Range. —65 to 175 °C 

Case Capacitance (typical) . 0.6 pf 


Cutoff 

Frequency*’ 

(Gc) 


Junction Capacitancef—pf 
1 . 2 - 1.8 
V7201 


* Derate linearly to zero at maximum rated temperature. 

** Cutoff frequency = ——^— 77 — where Re is thè series resistance at reverse volts = 

Z7T its \-*i 

—6 at 2 gigacycles and Cj is thè junction capacitance at thè same voltage. 
f Measured at reverse volts = — 6, frequency = 1 Me. Junction capacitance = Co 
J 1 — -J-J where Co is thè capacitance at zero bias, V is thè bias voltage, 0 is ap- 

proximately 0 6 volt, and n is typically 0.35- 
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125- TO 20Q-VOLT SILICON UHF POWER VARACTORS 


(Outiine 44) 

Maximum Dissipation at case temperature = 25°C .. 7.5* watts 

Storage and Operating Temperature Range. —65 to 175 °C 


Case Capacitance (typical) . 0.6 pf 


125-VOLT TYPES** 


Cutoff 

Fraauencyf 


Junction 

Capacitancef 

-pf 



(Gc) 

1-3 

2-5 2-4 

1-2 

2-3 

3-5 

3-4 

30 

V6000 

V6001 

V6002 

V6Q03 

VS004 


50 

V6QI0 

V6011 

V6012 

V6013 

V6014 

_ 

70 

V6020 

V6021 

V6022 

V6023 

V6024 

- 

15Q-V0LT TYPES** 

30 

V6100 

V8101 

V61Q2 

V61Q3 

_ 

V6104 

50 

V6110 

V6111 

V6112 

V6113 

— 

V6114 

TO 

V6120 

V6121 

V6122 

V6123 

— 

V6124 

175-VOLT TYPES** 

30 

V6200 

V6201 

V8202 

V6203 

— 

V8204 

50 

V8210 

V6211 

V6212 

V6213 

— 

V6214 

70 

V6220 

V6221 

V6222 

V6223 

— 

V6224 

200-VOLT TYPES** 

30 

V6300 

V6301 

V8302 

V8303 

— 

V6304 

50 

V6310 

V6311 

V6312 

V6313 

— 

V8314 

T0 

V6320 

V6321 

V6322 

V6323 

— 

V8324 


125- TO 200-VOLT SILICON VHF POWER VARACTORS 


(Outiine 43) 

Maximum Dissipation at case temperature = 25“C .. 12* watts 

Storage and Operating Temperature Range. —65 to 175 °C 

Case Capacitance (typical) . 1 pf 



* Derate linearly to zero at maximum rated temperature. 

** Minimum breakdown voltage measured at reverse current — 10 fia.. 

t Cutoff frequency = ^ ^ where Rs is thè series resistance at thè specified 

minimum breakdown voltage (measured at 2 gigacycles) and Cj is thè junction capaci¬ 
tance measured at 1 Me at thè same voltage. 

t Measured at minimum breakdown voltage, frequency = 1 Me. Junction capacitance 

= Co | 1-where Co is thè capacitance at zero bias, V is thè bias voltage, 0 is 

approximately 0.6 volt, and n is typically 0 . 4 . 


















Outlines 

Dimensions in inches 



-1- -2- -3- 
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TYPE ' 


DIMENSIONE—IKCHE3 


k 

B 

C 

0 

' E 

CR20I 

2 

3/8 

3/16 

3/8 

3/16 

CR203 

3-1/2 

3/8 

3/16 

3/8 

3/16 

CR204 

4-1/2 

3/8 

3/16 

3/8 

3/ 16 

CR206 

3-1/2 

3/8 

3/16 

3/4 

3/8 

CR208 

3-1/2 

3/8 

1 3/16 

3/4 

3/8 

CR2I0 

4-1/2 

3/8 

3/16 

3/4 

3/a 

CR212 

*4-1/2 , 

3/8 

i 3/16 , 

3/4 

3/a 


30 


Outlines 




33 


-34 
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-.265—.235- 


CERAMIC 

CYL1NDER 


^—.005 -.C 


-005 -.001 


1 


.094 - .oe 
. ■ DIA." 

P0LARITY 

SYMBOL (SEE NOTE) 


.025 

±.005 


_ .020 

* .050 
.035 


p . 




SYMBOL 
(SEE NOTE) 


.017 

±.004 


j.054 ±.005| 


-DIA — 


—CERAMIC 
■METAL 


f^ole! Arrow shows thè direction of forward current 


- 38 - 


- 39 - 
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4 WOUNTING 
HOLES 



D 




.A THREA[> 
10-32 


-T" 


- 47 - 


DIMENSIONS—INCHES 


RCA types 

A 

B 

C 

D 

E 

F 

G 

CR301 through CR307 

2-1/4 

1-5/8 

2-1/32 

1-5/16 

15/16 

2 

7/16 

CR311 through CR317 

2-1/4 

1-5/8 

2-1/32 

1-5/16 

15/16 

2 

7/16 

CR321 through CR325 

3 

1-7/8 

2-3/4 

1-3/4 

1-3/8 

3-3/8 

9/16 

CR331 through CR335 

3 

1-7/8 

2-3/4 

1-3/4 

1-3/8 

3-3/8 

9/16 

CR341 through CR344 

5-1/2 

4 

3 

1-29/32 

1-17/32 

5-3/8 

5/8 

CR351 through CR354 

5-1/2 

4 

3 

1-29/32 

1-17/32 

5-3/8 

5/8 


“H” 

DIMENSION FOR EACH TYPE 

(inches) 

IN 

CR301 FAMILY 

CR301 

5-1/4 

CR312 

7 

CR323 

11-7/8 

CR341 

7-11/16 

CR302 

7 

CR313 

8-3/4 

CR324 

14-1/4 

CR342 

10-1/4 

CR303 

8-3/4 

CR314 

10-1/2 

CR325 

16-5/8 

CR343 

12-13/16 

CR304 

10-1/2 

CR315 

12-1/4 

CR331 

7-1/8 

CR344 

15-3/8 

CR305 

12-1/4 

CR316 

14 

CR332 

9-1/2 

CR351 

7-11/16 

CR306 

14 

CR317 

15-3/4 

CR333 

11-7/8 

CR352 

10-1/4 

CR307 

15-3/4 

CR321 

7-1/8 

CR334 

14-1/4 

CR353 

12-13/16 

CR311 

5-1/4 

CR322 

9-1/2 

CR335 

16-5/8 

CR354 

15-3/8 
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Circuits 


T HE CIRCUITS in this section illus¬ 
trate some of thè more important 
applications of RCA semiconductor 
devices; they are not necessarily ex- 
amples of commercial practice. These 
circuits have been conservatively de- 
signed and are capable of excellent 
performance. Electrical specifìcations 
are given for Circuit components to 
assist those interested in home con- 
struction. Layouts and mechanical de- 
tails are omitted because they vary 
widely with thè requirements of in¬ 
dividuai set builders and with thè 
sizes and shapes of thè components 
employed. 

Performance of these circuits de- 
pends as much on thè quality of thè 
components selected and thè care em¬ 
ployed in layout and construction as 
on thè circuits themselves. Good sig- 
nal reproduction from receivers and 
amplifìers requires thè use of good- 
quality speakers, transformers, chokes 
and input sources (microphones, pho- 
nograph pickups, etc.). 

Coils for thè receiver circuits may 
be purchased at locai parts dealers 
by specifying thè characteristics re- 
quired: for rf coils, thè circuit posi- 
tion (antenna or interstage), tuning 


range desired, and tuning capaci- 
tances employed; for if coils or trans¬ 
formers, thè intermediate frequency, 
circuit position (lst if, 2nd if, etc.), 
and, in some cases, thè associated 
transistor types; for oscillator coils, 
thè receiver tuning range, intermedi¬ 
ate frequency, type of converter tran¬ 
sistor, and type of winding (tapped 
or transformer-coupled). 

The voltage ratings specifìed for 
capacitors are thè minimum de work¬ 
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specifìed 
may be used except insofar as thè 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having substan- 
tially higher voltage ratings than 
those specifìed are used, they may 
not “form” completely at thè operat- 
ing voltage, with thè result that thè 
effective capacitances of such units 
may be below their rated value. The 
wattage ratings specifìed for resistors 
assume methods of construction that 
provide adequate ventilation; com¬ 
pact installations having poor ventila¬ 
tion may require resistors of higher 
wattage ratings. 


LIST OF CIRCUITS 


11-15 Power Supply for Amateur Transmitter . 358 

11-16 27-Mc Citizens-Band Transceiver . 359 

11-17 27-Mc, 5-Watt Citizens-Band Transmitter . 360 

11-18 Video Amplifier. 361 

11-19 70-Mc Power Amplifier . 361 

11-20 “Front End” for 450-Mc Superheterodyne Receiver . 362 

11-21 30-Mc IF Amplifier . 363 

11-22 Servo Amplifier . 364 

11-23 100-Kc Power Oscillator. 384 

11-24 27-Mc Crystal Oscillator. 365 

11-25 70-Mc Power Oscillator . 365 

11-26 250-Mc Oscillator. 366 

11-27 DC-to-DC Converter. 366 

11-28 Voltage Regulator, Shunt Type (Regulation 1.5%) . 367 

11-29 Voltage Regulator, Series Type (Regulation 2%) . 367 

11-30 Voltage Regulator, Shunt Type (Regulation 0.5%) . 368 

11-31 Voltage Regulator, Series Type (with adjustable output) . 368 

11-32 Astable Multivibrator . 369 

11-33 Monostable Multivibrator . 369 

11-34 Bistable Multivibrator. 370 

11-35 6-Volt Ignition System. 371 

11-36 12-Volt Ignition System. 371 

11-37 Voltage-Sensitive Switch (used with normally open relay) .... 372 

11-38 Voltage-Sensitive Switch (used with normally closed relay) 372 

11-39 Shift Register . 373 

11-40 Electronic Thermostat. 374 

11-41 Electronic Keyer. 375 

11-42 Grid-Dip Meter. 376 

11-43 Light Flasher . 376 

11-44 Light-Dimmer Control Using Silicon Controlled Rectifier .... 377 

11-45 Code-Practice Oscillator. 377 

11-46 Photo-Relay . 377 


MANUFACTURERS 0F COILS AND ASSOCIATED MATERIALS 
REFERRED TO IN PARTS LISTS 


Arnold Magnetica 

6060 West Jefferson Blvd. 
Los Angeles, Calif. 


Mid-West Coil and Transformer Co. 

1642 N. Halstead 
Chicago, 111. 


Page 


11-1 3-Volt Portable Radio Receiver. 344 

11-2 6-Volt Portable Radio Receiver . 345 

11-3 6-Volt Automobile Radio Receiver . 346 

11-4 12-Volt Automobile Radio Receiver. 347 

11-5 AM/FM Automobile Radio Receiver . 348 

11-6 Three-Band Radio Receiver . 350 

11-7 “Front End” for Radio Receiver . 351 

11-8 Preamplifier for Phono/FM Pickup . 352 

11-9 Earphone Amplifier . 353 

11-10 Phonograph Amplifier . 353 

11-11 25-Watt, High-Quality Audio Power Amplifier. 354 

11-12 FM Stereo Multiplex Adapter . 355 

11-13 Stereo Amplifier (3-watt output per channel) . 356 

11-14 Stereo Amplifier (15-watt output per channel) . 357 
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Setter Coil and Transformer Ine. 
Goodland, Ind. 

Columbus Process Co. 

Columbus, Ind. 

General Ceramic Corp. 

Crows Mill Road 
Keasby, N.J. 

General Instrument Co. 

Automatic Winding Division 
66 Governeur Street 
Newark, N.J. 

P. R. Mallory and Co., Ine. 

3029 East Washington Street 
Indianapolis, Ind. 

Microtran Co., Ine. 

146 East Mineola Avenue 
Valley Stream, N.Y. 


J. W. Miller Co. 

6917 South Main Street 
Los Angeles, Calif. 

Radio Condenser Corp. 

Davis and Copewood Street 
Camden, N.J. 

Stancor Electronics, Ine. 

3601 West Addison Street 
Chicago, I1L 

Thompson-Ramo-Wooldridge, Ine. 

Electronic Components Division 
666 Garland Place 
Des Plaines, I1L 

Thordarson 

7th and Bellmont 

Mt. Carmel, I1L 














































344 


RCA Transistor Manua! 


* 


? 7-7 3-VOLT PORTABLE RADIO RECEIVER 



Ci = trimmer, 3 to 15 pf R 3 , Rie = 1500 ohms, wire wound at thè start 

C 2 , C 0 = ganged tuning 0.5 watt of thè primary; Q = 

capacitor, C 2 = 9.5 to 141 R* = volume-control po- 100 with transformer 

pf, Ce = 7.2 to 109 pf tentiometer, 5000 ohms, mounted on chassis; 

C 3 , Ci = 0.02 fif, ceramic audio taper (part of as- transformer should fune 

Cs = 0.005 fif, ceramic sembly with ON-OFF with 135 pf at 535 kìlo- 

C 7 = trimmer, 3 to 20 pf switch Si) cycles 

Cs, C 12 , Ci7, Cis = 0.05 fif, Rs — 470 ohms, 0.5 watt T 2 = lst if transformer; 

ceramic Re = 6800 ohms, 0.5 watt Thompson-Ramo-Woold- 

C 9 = 128 pf (part of T 2 ) R? = 39000 ohms, 0.5 watt ridge EO-13550, or equiv. 

Ciò = 2 fif, electrolytic, 3 v. Rs = 330 ohms, 0.5 watt T 3 = 2nd if transformer; 

Cu = 10 fif, electrolytic, Rio = 2700 ohms, 0.5 watt secondary Thompson- 

3 v. Ru = 270 ohms, 0.5 watt Ramo-Wooldridge EO« 

C 13 , C 20 = 100 fif, electro- R 12 = 10000 ohms, 0.5 watt 13551, or equiv. 

lytic, 3 v. R 13 — 2200 ohms, 0.5 watt/ Ti = 3rd if transformer; 

C 15 = 125 pf (part of Ta) Rii = 240 ohms, 0.5 watt secondary Thompson- 

C 10 = 0.005 fif, ceramic Rie = 100 ohms, 0.5 watt Ramo-Wooldridge EO- 

C19 = 125 pf (part of Ti) R 17 = 47 ohms, 0.5 watt 13552, or equiv. 

CRi = 1N295 Si = ON-OFF switch (part Te = driver transformer; 

Li = oscillator coil; wound of assembly with poten- primary impedance, 10000 

from No. 3/44 Litz wire tiometer Ri) ohms; secondary im- 

on coil form suitable for Sp — speaker; voice-coil pedance, 2000 ohms, cen- 

a No. 10-32 slug; Lia, 19 impedance, 12 to 15 ohms ter-tapped 

turns; Lib, 155 turns, Ti = antenna transformer; Te — output transformer; 

tapped at 8 turns from primary, 110 turns of No. primary impedance, 100 

ground end, tunes with 10/41 Litz wire wound on ohms, center-tapped; sec- 

100 pf at 990 kilocycles a 3 A"-by- 1 /s"-by-4" fer- ondary impedance, 15 

Ri, R9 = 10000 ohms, rite rod (pitch, 50 turns ohms (to match voice- 

0.5 watt per inch) ; secondary, 6 coil impedance of 12 to 

R 2 — 3900 ohms, 0 5 watt turns of No. 10/41 Litz 15 ohms) 
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6-VOLT PORTABLE RADIO RECEIVER 



Ci, Ce = ganged tuning ca¬ 
pacitor (with trimmers); 
Ci = 18 to 169 pf; Ce 
17 to 88 pf; Radio Con- 
denser No. 903-817 (ver¬ 
ni er drive), or equiv. 

C2, C3, C15 = 0.02 fif, ceramic 
Ci = 1400 pf (part of T3) 

Ce, C7, Cs, Ciò, C11 — 0.05 
fif, ceramic 

Co = 220 pf (part of Ti) 

C 12 — 220 pf (part of Te) 

C13, C17 = 10 fif, electro¬ 
lytic, 3 v. 

Ciì, Ci6, Cis = 100 fif, elec¬ 
trolytic, 6 v. 

C19 = 0.005 fif, ceramic 
C20 = 0.1 fif, ceramic 
CRi = detector diode, 1N295 
Ri, Rie = 3900 ohms, 

0.5 watt 

R 2 = 15000 ohms, 0.5 watt 
R 3 , R 7 = 1800 ohms, 

0.5 watt 

Ri = 82000 ohms, 0.5 watt 
R 5 , Rie = 470 ohms, 

0.5 watt 

Re = 560 ohms, 0.5 watt 
Rs = 33000 ohms, 0.5 watt 
R 9 — 390 ohms, 0.5 watt 


Rio = 10000 ohms, 0.5 watt 
Rii, R 17 = 100 ohms, 

0.5 watt 

R12 = volume-control po¬ 
tendomi eter, 5000 ohms, 
audio taper 

Ria = 27000 ohms, 0.5 watt 
R14 = 5600 ohms, 0.5 watt 
Ris, R19 = 3.3 ohms, 0.5 watt 
Sp = speaker; voice-coil 
impedance, 3.2 ohms 
Ti = antenna transformer; 
wound on 6-inch-long, 
0.330-inch-diameter rod 
made of General Ceramic 
“Q” material, or equiv; 
primary, 125 turns of No. 
2/38 Litz wire (S. Nysol), 
28 turns per inch; sec¬ 
ondary, 8 turns of No. 
2/38 Litz wire, bifìlar 
wound from start (ai 
end) of primary. 

T 2 = oscillator coil; con- 
secutively wound in fol- 
lowing order; ai-a 2 = 5 
turns, bi-b 2 = 9 turns, 
C 1 -C 2 = 130 turns of No. 
2/38 Litz wire (S. Nysol) 


on %-inch-diameter coi! 
form having a %-inch- 
long, ^-inch diameter, 
28-TPI slug made of Gen¬ 
eral Ceramic “Q” ma¬ 
terial, or equiv. 

T 3 = lst if transformer; 
General Instrument No. 
E-2749343-AX, or equiv. 

T 4 = 2 nd if, transformer; 
General Instrument No. 
E-2749293-BZ, or equiv. 

Te = 3 rd if transformer; 
General Instrument No. 
E-2749293-CY, or equiv. 

Te = driver transformer; 
primary impedance, 5000 
ohms; secondary imped¬ 
ance, 2200 ohms, center- 
tapped; Mid-West Coil 
and Coil and Transformer 
No. 20AT90, or equiv. 

T 7 = output transformer; 
primary impedance, 320 
ohms, center-tapped; sec¬ 
ondary impedance, 3.2 
ohms; Mid-West Coil and 
Transformer No. 20AT89, 
or equiv. 
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Ci = 5-80 pf, variatale 
trimmer 

C 2 = 820 pf, mica, 100 v. 

C 3 — 2 pf, mica, 100 v. 

C 4 C 23 = 25 n f, electrolytic, 

6 v. 

Cs Ce Cia Cie C 17 Cis = 0.05 fif, 
ceramic disc 

Ce Cu — 100-580 pf, variable 
trimmer 

C 7 = 270 pf, mica 

Cs = 0.005 fif, ceramic disc 

Ciò C 22 = 50 fif, electrolytic, 
6 v. 

Cia = 0.0047 fif, ceramic disc 

C 14 Cis = supplied with Ti 

Cu = 500 fif, electrolytic, 3 v. 

C 20 = 180 pf, mica, 100 v. 

Ca C 26 = supplied with Ta 

C 24 C 25 — 1 fif, ceramic disc, 
3 v. 

C27 = 0.04 fif, ceramic disc, 
25 v. 

C 28 — 0.5 fif, ceramic disc, 
25 v. 

Di Da = 1N295 

Li — 5 fif, rf choke 


L 2 Ls Li = tuner assembly; 
manufactured by F. W. 
Sickles Co. and Radio 
Condenser Corp. 

L 2 = antenna coil; variable 
inductor tuned with 110 
pf; frequency range 535 
to 1610 kc; Q = 65 at 
1610 kc 

L 3 = rf coil; variable induc¬ 
tor tuned with 600 pf ; fre¬ 
quency range 535 to 1610 
kc; Q = 65 at 1610 kc. 

L 4 -= oscillator transformer; 
primary, variable inductor 
tuned with 470 pf; fre¬ 
quency range 797 to 1872 
kc; Q = 65 at 1872 kc; 
secondary, 30 tums 
Ls = output choke; 20 mh; 

1 ampere, 0.5 ohm max. 
Ri — 82000 ohms, 0.5 watt 
Ra = 2200 ohms, 0.5 watt 
Rs = 33 ohms, 0.5 watt 
Ri R21 = 330 ohms, 0.5 watt 
Rs Rio = 5600 ohms, 0.5 watt 
Re = 0.33 ohm, 1 watt 


Rt = 180 ohms, 0.5 watt 
Rs = 10000 ohms, 0.5 watt 
Rb = 1500 ohms, 0.5 watt 
Rn R22 — 1000 ohms, 0.5 watt 
R12 Ria Rii = 68 ohms, 0.5 
watt 

Ris — 820 ohms, 0.5 watt 
Rie = 47000 ohms, 0.5 watt 
Ru si 1800 ohms, 0.5 watt 
Rie = 8200 ohms, 0.5 watt 
R19 R28 = 1200 ohms, 0.5 watt 
R20 R27 = 3300 ohms, 0.5 watt 
R23 = 120 ohms, 0.5 watt 
Rai = 100000 ohms, 0.5 watt 
R25 = volume control, po« 
tentiometer, 100000 ohms 
R 28 = tone control, poten- 
tiometer, 10000 ohms 
Ti = if transformer, Thomp- 
son-Ramo- Wooldridge 
No. E010173, General ln- 
strument No. E2740097 
AX, or equivalent 
T 2 = if transformer, Thomp¬ 
son-Ramo - W ooldridge 
No. E010174, General In- 
strument No. E2740097 
BX, or equivalent 
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Ci = 5-80 pf, trimmer 
C 2 = 2.2 fif, 3v. 

Cs = 25 fif , electrolytic, 3 v. 
C4 Cs Ci 2 Cie C17 C 25 = 0.5 fif, 
ceramic disc, 25 v. 

Cs C11 = 100-580 pf, trimmer 
Ce = 270 pf, mica, 100 v. 

C 7 = 0.005 fif, ceramic disc, 

25 v. 

Co = 0.0075 fif, ceramic disc, 
25 v. 

Ciò = 180 fifif, ceramic, 
N-750, negative tempera¬ 
ture coefficient 
Cia Cis = supplied with T 2 
C13 = 500 fif, electrolytic, 

3 v. 

Cia = 120 pf, mica, 100 v. 

Cia C 21 — supplied with Tg 
C 20 = 50 fif, electrolytic, 6 v. 
C 22 = 0.02 fif, ceramic disc, 
25 v. 

C 23 = 100 fif, electrolytic, 

15 v. 

C 24 = 100 fif, electrolytic, 3 v. 
CRi, CRs = 1N295 
Li = 5 /ih, rf choke 
L 2 Ls L 4 = tuner assembly; 
manufactured by F. W. 
Sickles Co., and Radio 
Condenser Corp. 


La = antenna transformer; 
primary, variable induc¬ 
tor tuned with 110 pf; 
frequency range 535 to 
1610 kc; Q = 65 at 1610 
kc; secondary, 10 turns 
La = rf coil; variable induc¬ 
tor tuned with 600 pf; 
frequency range 535 to 
1610 kc; Q = 65 at 1610 
kc. 

Li = oscillator transformer; 
primary, variable induc¬ 
tor tuned with 470 pf; 
frequency range 797 to 
1872 kc; Q = 65 at 1872 
kc; secondary, 30 turns. 
Ri = 82000 ohms, 0.5 watt 
R 2 = 560 ohms, 0.5 watt 
Rs = 15000 ohms, 0.5 watt 
Ri 180 ohms, 0.5 watt 
Rs = 56000 ohms, 0.5 watt 
Re R20 = 4700 ohms 
R7 = 3.3 ohms, 1 watt 
Ra = 1500 ohms, 0.5 watt 
Rb = 8200 ohms, 0.5 watt 
Rio = 220 ohms, 0.5 watt 
Rii = 82 ohms, 0.5 watt 
R12 = 120 ohms, 0.5 watt 
R13 = 68 ohms, 0.5 watt 
Rii = 5600 ohms, 0.5 watt 


Ris = 100000 ohms, 0.5 watt 
Rie = 680 ohms, 0.5 watt 
R17 = 470 ohms, 0.5 watt 
R18 = 100 ohms, 0.5 watt 
Rib = 1200 ohms, 0.5 watt 
R21 = volume control, po- 
tentiometer, 2500 ohms 
R 22 = tone control, poten- 
tiometer, 1000 ohms 
R23 R25 = 3300 ohms, 0.5 
watt 

R 24 = 33000 ohms, 0.5 watt 
Ti = output transformer; 
primary impedance, 20 
ohms at 500 ma de; sec¬ 
ondary impedance, 4 ohms 
to match impedance of 
voice coil; Columbus 
Process Co. No. 5383, or 
equivalent 

T 2 = if transformer, Thomp¬ 
son - Ramo - W o o 1 d r i d g e 
No. E014127, General In- 
strument Co. No. 
E2742208AX, or equivalent 
T 3 _ if transformer, Thomp¬ 
son-Ramo -Wooldridge 
No. E014128, General In- 
strument Co. No. 
E2742208BX, or equivalent 
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11-5 AM/FM AUTOMOBILE RADIO RECEIVER (cont'd) 



Ci = 18 pf, ceramic disc, 

50 v. 

C 2 — 5-80 pf, mica, trimmer 
Cs Ce Cie C 47 = 5 pf, ceramic 
disc, 50 v. 

C 4 C17 C20 — 6-21 pf, tuning 
capacitor 

Cb Cis Cai = 1-6 pf, mica, 
trimmer 

C 7 = 1.5 pf, ceramic disc, 

50 v. 

Os Ciò C 32 Cìq Cse Cae C 73 = 
0.05, /if, ceramic disc, 50 v. 
C 9 Cu C 14 C 21 C 24 Ces = 0.002 
/if, feedthrough, 50 v. 

C 12 = 55-300 pf, mica, 
trimmer 

Cis = 390 pf, ceramic disc, 

50 v. 

Cis = 0.005 /if, ceramic disc, 
50 v. 

Ciò C23 = 4 pf, ceramic disc, 
50 v. 

C 20 = 330 pf, ceramic disc, 
50 v. 

C 22 = 2.2 pf, ceramic disc, 

50 v. 

C 25 C 28 C 34 C 37 Cbi Ceo Cea 
C<H = 0.01 /if, ceramic 
disc, 50 v. 

C 20 C 30 = part of Ti 
C 27 = 15 pf, ceramic disc, 

50 v. 

C 33 C 45 = 3.3 pf, ceramic 
disc, 50 v. 

C35 = 180 pf, N750 ceramic 
Cse = 80-550 pf, mica, 
trimmer 

Css Cu = part of T 2 
Cs9 C 40 C 42 = part of Ts 
C 43 Cbì = 0.001 /if, ceramic 
disc, 50 v. 

C 44 = 10 /tf, electrolytic» 

25 v. 

Cts Cb 2 = part of T 4 
a» = 1800 pf ± 10 %, 
ceramic disc 
C50 C53 = part of Tb 
Cbs = 2 pf, ceramic disc, 

50 v. 

C57 C 92 = part of Te 
Cbs = 200 pf, ceramic disc, 

50 v. 

C 50 = 20 /tf, electrolytic, 

25 v. 

Col = 1500 pf d= 10%, 
ceramic disc 

Ccb — 0.02 /tf, ceramic disc, 
50 v. 

Cee = part of T7 

Cer = 10 /tf, electrolytic, 3 v. 

Cto = 2.2 /if, ceramic disc, 

3 v. 


C 71 = 200 /tf, electrolytic, 

25 v. 

C 72 = 100 /tf, electrolytic, 

25 v. 

C 74 = 500 /tf, electrolytic, 

25 v. 

C 75 C 70 = spark piate 

CRi CR 3 CR 4 CR 7 = diode, 
1N295 

CR 2 = AFC diode, 1N3182 
or equiv. 

CRb CRe = diode, 1N542 

CRs = diode, 1N1763 

Li = 6.2 /ih, radio-frequency 
choke 

1j 2 = antenna coil for FM 
tuner; 4 turns No. 16 HF 
on 0.220-inch form, spaced 
%6-inch (approx.) ; tapped 
at 1 turn; core “J” ma¬ 
terial Arnold Al-336 or 
equiv. 

L 3 = antenna coil for AM 
tuner; variable inductor; 
tunes with 120 pf over 
thè frequency range from 
535 to 1610 kc; Qo = 60 
at 1610 kc; secondary 8 
turns 

L 4 = rf coil for AM timer; 
variable inductor; tunes 
with 560 pf over thè fre¬ 
quency range from 535 to 
1610 kc; Qo = 60 at 1610 
kc; no secondary 

Lb = rf coil for FM tuner; 
same as L 2 except has no 
tap 

Le = miniature radio-fre¬ 
quency choke, 1 /ih (ap¬ 
prox.) 

L 7 = oscillator coil for FM 
tuner; 3 turns No. 16 HF 
on 0 . 220 -inch form, spaced 
%-inch (approx.); core 
“J” material Arnold Al- 
336 or equiv. 

Ls = oscillator coil for AM 
tuner; variable inductor; 
tunes with 470 pf over thè 
frequency range from 797 
to 1872 kc; Qo = 45 at 
1872 kc; secondary 30 
turns 

Le = filter choke, 125 /ih 
(approx.) 

Ri R 12 R 22 = 100000 ohms, 
0-5 watt 

R 2 R 4 = 560 ohms, 0.5 watt 

R 3 ~ 390 ohms, 0.5 watt 

Rb Rii Rie — 33000 ohms, 
0.5 watt 


Re R27 R41 = 180 ohms, 0.5 
watt 

R 7 = 68 ohms, 0.5 watt 
Rs = 220 ohms, 0.5 watt 
Re — 680 ohms, 0.5 watt 
Rio = 4300 ohms, 0.5 watt 
R 13 = 1 megohm, 0.5 watt 
R 14 Rib = 10000 ohms, 

0.5 watt 

R17 R29 = 1500 ohms, 0.5 watt 
Ria R23 = 2200 ohms, 0.5 watt 
Rie R20 = 5600 ohms, 0.5 watt 
R20 R24 = 18000 ohms, 

0.5 watt 

R 21 R 25 R3e = 470 ohms, 

0.5 watt 

R 28 = 3900 ohms, 0.5 watt 
R30 = 1000 ohms, 0.5 watt 
Rsi R32 R37 — 6800 ohms, 

0.5 watt 

R 8 4 = potentiometer, 100000 
ohms, 0.5 watt, audio taper 
R 36 = 62000 ohms, 0.5 watt 
R 3 6 = 4700 ohms, 0.5 watt 
Ras = 3300 ohms, 0.5 watt 
R40 = potentiometer, 250000 
ohms, 0.5 watt, audio taper 
R 42 = 270 ohms, 1 watt 
R43 = 0.47 ohm, 0.5 watt 
Ti = FM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12224 or Gen¬ 
eral Instrument No. 
E2741353AX or equiv. 

T 2 T 4 = FM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12080R1 or 
General Instrument No. 
E2741166BX or equiv. 

T 3 = AM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12414 or equiv. 
Tb = AM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12415 or equiv. 
Te = radio-detector trans¬ 
former; Thompson-Ramo- 
Wooldridge No. 12007R1 
or General Instrument 
No. E2741166AB or equiv. 
T 7 = AM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12416 or equiv. 
Ts = driver transformer; 
primary 8000 ohms at 3 ma 
de; secondary 60 ohms; 
Columbus Process Co. No. 
X5357 or equiv. 

T 9 = output transformer; 
primary 20 ohms at 700 
ma de; secondary 4 ohms; 
Columbus Process Co. No. 
5383 or equiv. 
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J].6 THREE-BAND RADIO RECEIVER 

for 


Long-wave (150-400 Kc) 
Broadcast (535-1620 Kc) 
Shortwave (1.7-5 Me) 



7 7-6 THREE-BAND RADIO RECEIVER (eont'd) 


B = 9 volts 

Ci Ce Ci4 = variable, 26.1 to 
251 pf 

C 2 C 3 Cé C 23 C 24 C 26 = trim- 
mer, 3-35 pf. Arco 403, or 
equivalent 

Cs = 0.25 fif, ceramic disc 
C 7 Ciò C 15 C 28 = 0.05 fif, ce¬ 
ramic disc 

Cs Cu C 13 — trimmer, 1.5-20 
pf. Arco 402, or equivalent 
C 12 Cas = 0.01 fif, ceramic 
disc 

Cie = 0.0005 fif, ceramic disc 
C 17 Cis C 31 = 0.02 fif, ceramic 
disc 

Cie C 26 = 350 pf, part of Ti 
C 20 = 900 pf, silver mica 
C 21 = 300 pf, silver mica 
C 22 = 91 pf, silver mica 
C 27 — 10 pf, ceramic disc 
C 29 = 10 fif, 3 volts, electro- 
lytic 

C 30 = 220 pf, ceramic disc, 
supplied with T 2 
Cs 2 — 2 jif t 3 volts, electro- 
lytic 

C 33 = 10 fif, 3 volts, electro- 
lytic 

C 34 — 100 fif, 3 volts, electro- 
lytic 

Cse = 0.04 fif, ceramic disc 
C 38 Cs7 = 100 fif, 10 volts, 
electrolytic 

Li = 42 fih at 3100 kc, short¬ 
wave antenna coil, Qo = 
75; turns ratio N 1 /N 2 , 
1.67:1; N 2 /N 3 , 18:1 
L 2 — 380 /ih at 1000 kc, 
broadcast, antenna coil, 
Qo = 184; turns ratio 

N 1 /N 2 , 78:1 

L3 = 4600 /ih at 270 kc, long- 
wave antenna coil Qo = 
69; turns ratio N1/N3, 91:1 
Li = 5 /ih, part of if trap 
Ls = 34 /ih at 3100 kc, short¬ 


wave RF coil, Qo = 81; 
turns ratio, Ni/Ns, 87:1 
Le = 370 /th at 1000 kc, 
broadcast RF coil, Qo = 80; 
turns ratio, N1/N2, 2.5:1; 
N2/N3, 25:1 

L7 = 4200 /ih at 270 kc, long- 
wave RF coil, Qo = 10; 
turns ratio Ni/Ns, 91:1 
(measured with 100000- 
ohm shunt) 

Ls = 29 /th at 3550 kc, short¬ 
wave oscillator coil, Qo = 
20; turns ratio N 1 /N 2 , 25:1, 
Ni/Ns, 4:1 

Le = 200 /th at 1455 kc, 
broadcast oscillator coil, 
Qo = 39; turns ratio N 1 /N 2 , 
29:1, N 1 /N 3 , 13:1 
Lio = 1100 /th at 725 kc, long- 
wave oscillator coil, Qo = 
17; turns ratio N 1 /N 2 , 21:1, 
N 1 /N 3 , 12:1 (measured 
with 200000-ohm shunt) 

Ri — 270 ohms, 0.5 watt 
R2 = 150000 ohms, 0.5 watt 
Rs = 22000 ohms, 0.5 watt 
Ri = 100000 ohms, 0.5 watt 
Rs = 560 ohms, 0.5 watt 
Re = 1800 ohms, 0.5 watt 
R7 = 18000 ohms, 0.5 watt 
Rs — 1200 ohms, 0.5 watt 
Re ■ 3300 ohms, 0.5 watt 

Rio = 200000 ohms, 0.5 watt 
Rii = 47000 ohms, 0.5 watt 
R12 — 270 ohms, 0-5 watt 
R13 = 10000 ohms, 0.5 watt 
Rii = 1000 ohms, 0.5 watt 
Ris = volume control, 1 
megohm, reverse log. 
taper 

Rie = 4000 ohms, 0.5 watt 
Ri 7 = 27000 ohms, 0.5 watt 
Ris - - 4700 ohms, 0.5 watt 
Rie = tone control, 1 
megohm, audio taper 


R20 = 560 ohms, 0.5 watt 
R21 — 330 ohms, 0.5 watt 
R22 = 100 ohms, 0.5 watt 
R23 = 4.7 ohms, 0.5 watt 
R 24 =3.9 ohms, 0.5 watt 
R25 = 3.9 ohms, 0.5 watt 
Sia—S3b = three-section 
wafer swi'tch 
S P = speaker, 3.2 ohms 
Ti = first if transformer (455 
kc) : double-tuned criticai 
coupling, General Instru- 
ment No. E-2,749,067EX, 
or equivalent 

T 2 = second if transformer 
(455 kc) : single-tuned, 
General Instrument No. E- 
2,749,067CX, or equivalent 
Ts = driver transformer: 
primary 10000 ohms, sec- 
ondary, 2000 ohms, center 
tapped; Mid-West Coil 
and Transformer Co. No. 
20AT88, or equivalent 
Ti = output transformer: 

S rimary, 250 ohms center 
ipped; secondary, 3.2 
ohms; Mid-West Coil and 
Transformer Co. No. 20- 
AT86, or equivalent 
NOTE 1: Components C9, 
L4, and R3 make up an 
if trap in thè long-wave 
band and are used to im¬ 
prove if rejection and 
signal-to-noise ratio. 
NOTE 2: For thè antenna 
and rf coils, Ni refers to 
thè turns of thè primary 
winding, N 2 to thè tapped 
portion of thè primary, 
and N 3 to thè secondary. 
For thè oscillator coils, Ni 
refers to thè tank wind¬ 
ing, N 2 to thè emitter 
winding, and N 3 to thè 
collector winding. 


7 7-7 "FRONT-END" FOR RADIO RECEIVER 

With Double-Tuned Antenna and Single-Tuned RF Stage 



r 5 


Ci = 3-50 pf, variable 
C 2 = 0.01 fif, ceramic disc, 

25 v. 

C3 = 30-200 pf, variable 
Ct = 1000 pf, mica 
Cs Ce = 0.05 /if, ceramic 
disc, 25 v. 

C 7 = 120-450 pf, variable 
Cs = 0.004 fif, ceramic disc, 
25 v. 


Ce = 680 pf, mica 
Li L 2 = antenna coils, vari¬ 
able inductors tuned with 
110 pf; frequency range 
535 to 1610 kc; Q = 65 at 
1610 k, 60 to 65 at 535 kc 
L 3 = rf coil; variable induc- 
tor tuned with 1000 pf; 
frequency range 535 to 


1610 kc; Q = 65 at 1610 kc. 
Ri Ri Rs = 330 ohms, 0.5 
watt 

R 2 = 82000 ohms, 0.5 watt 
R 3 = 2200 ohms, 0.5 watt 
Re = 6800 ohms, 0.5 watt 
R 7 = 10000 ohms, 0.5 watt 
Rs = 1500 ohms, 0.5 watt 
Re = 1000 ohms, 0.5 watt 
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Ci = 25 ili, miniature elec- 
trolytic, 3 v. 

C 2 = 50 fif, miniature elec- 
trolytic, 3 v. 

C3 - 50 nf, miniature elec- 

trolytic, 15 v. 

Ci = 270 pf, ceramic, 600 v. 

Cs, C15 — 0.05 fif, ceramic, 
50 v. 

Ce = 0.2 fi f, ceramic, 25 v. 

C 7 = 0.06 fif, ceramic, 50 v. 

Cs = 4 fii , miniature electro- 
lytic, 3 v. 

Ce, C13 = 2 fif, miniature 
electrolytic, 12 v. 

Ciò = 0.15 fif, ceramic, 50 v. 

C 11 = 0.12 fif, ceramic, 50 v. 

C 12 = 10 fif, miniature elec¬ 
trolytic, 12 v. 

Cu — 0.003 fif, mica, 500 v. 

Ri = 1 megohm ± 10%, ' 
0.5 watt 

R 2 = 15000 ohms ± 10%, 

0.5 watt 

R 3 - 47000 ohms ± 10%, 

0.5 watt 


R 4 = 100 ohms ± 10%, 

0.5 watt 

Rs = 0.18 megohms ± 10%, 
0.5 watt 

Re — 330 ohms ± 10%, 

0.5 watt 

R? ~ 1800 ohms ± 10%, 

0.5 watt 

Rs, R23 — 27000 ohms ±10%, 
0.5 watt 

Re = 1000 ohms ± 10%, 

0.5 watt 

Rio -- 1500 ohms ±10%, 

0.5 watt 

Rii = 820 ohms ±10%, 

0.5 watt 

R 12 , R 20 = 0.1 megohm ± 
10%, 0.5 watt 

R13 = volume control poten- 
tiometer (audio taper), 
10000 ohms, 0.5 watt 

Rii = 56000 ohms ±10%, 

0.5 watt 

Rie = 6800 ohms ± 10%, 

0.5 watt 


Rie = 2700 ohms ± 10%, 

0.5 watt 

Ri? = 180 ohms ± 10%, 

0.5 watt 

Ris = base control poten-» 
tiometer (linear taper), 
50000 ohms, 0.5 watt 

Rie = 2700 ohms ± 10%, 

0.5 watt 

R 21 = 3300 ohms ±10%, 

0.5 watt 

R 22 = treble control poten- 
tiometer (audio taper), 

0.1 megohm, 0.5 watt 

Si = 2-pole, 3-position 
rotary switch 

* If a two-channel Sys¬ 
tem is used, Ris, Ri8 t 
and R 22 should be dual 
Controls, one control sec- 
tion for each preamplifier, 
and Si should be a 4-pole 
switch (Centralab No. PA 
1012, or equiv.), two poles 
per channel. All other 
components are dupli- 
cated in thè second pre¬ 
amplifier. 
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7 7-7 7 25-WATT, HIGH-QUALITY AUDIO POWER AMPLIF1ER 



Performance Specifìcations: 

Sensìtivity = 0.35 volt rms for 25 watts output 
Frequency response = 20 to 20,000 cps dt 1 db 
Input resistance = 180 ohms 


Ci = 200 ili, electrolytic, 6 v. 
C 2 = 250 ili, electrolytic, 

15 v. 

C3 = 0.015 iif, paper, 200 v. 
Ci, Cs = 100 ili, electrolytic, 
50 volts 

Ri —: 2700 ohms, 0.5 watt 
R 2 - 180 ohms, 0.5 watt 
R 3 ■ ■ 4.7 ohms, 0-5 watt 


Ri = 560 ohms, 2 watts 
Rs = 150 ohms, 5 watts 
Re, R 7 -- 120 ohms, 1 watt 
Rs, R 0 = 180 ohms, 2 watts 
Rio, Rii — 0.27 ohm, 0.5 watt 
Sp = dynamic speaker; 
voice-coil impedance = 4 
ohms; voice-coil de re¬ 
sistance = 3-2 ohms 


Ti = driver transformer; 
turns ratio, primary to 
each secondary = 4:1; 

primary impedance = 1600 
ohms; primary de = 0 ma; 
Better Coil and Trans¬ 
former type 99A7, or 
equivalent 


* + V cc , —V cc i Zero-signal value = 22 volts; I = 150 ma, 

Maximum-signal value = 20 volts, I = 1 amp. 
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7 7-72 FM STEREO MULTIPLEX ADAPTER 



Ci C 20 C 21 = 10 fii, electro¬ 
lytic, 3 v. 

C 2 = 100 tif, electrolytic, 3 v. 
C 3 = 390 pf, mica 
Ci Cb — 1000 pf, ceramic disc 
Co Cu Ciò = 0.05 iif , ceramic 
disc 

C? = 1 fif, ceramic disc, 3 v. 
Cs Co = 1500 pf, mica 
Ciò C13 = 390 pf, ceramic disc 
Cn — 0-75 fii, mica 
C12 = 5 pf, mica 
■ Cib = 0.47 iif, mica 
C 17 = 2200 pf, ceramic disc 
Ci 8 C 19 = 820 pf, mica 
C 22 C23 = 50 ili, electrolytic, 
3 v. 

C24 C25 = 0.01 ili, mica 
C 26 C 28 = 10 tii, electrolytic, 
12 v. 


C 27 = 100 ili, electrolytic, 
12 v. 

CRi CR2 CRs = 1N295 
Li La Lo = 38-kc trap, vari¬ 
atile inductor, General In- 
strument No. E2741173BX, 
or equivalent 

L 2 L 3 = 19-kc trap, vari¬ 
atile inductor, General In- 
strument No. E2741173AX, 
or equivalent 
Li = 100 mh 
Lb = 10 mh 
Le L 7 = 25 mh 
Ri = 24000 ohms, 0.5 watt 
R2 Ria = 3900 ohms, 0.5 watt 
Rs R4 Rib Rio R21 R22 R32 R3e 
R37 = 4700 ohms, 0.5 watt 
Rs = 330 ohms, 0.5 watt 
Re = 1500 ohms, 0.5 watt 
R 7 = 10000 ohms, 0.5 watt 


Rs R30 R31 = 5600'ohms. 

0.5 watt 

Ro = 68000 ohms, 0.5 watt 
Rio R 32 R33 = 1000 ohms, 

0.5 watt 

Rii = 1200 ohms, 0.5 watt 
R12 R28 R29 = 47000 ohms, 

0.5 watt 

Ria = potentiometer, 10000 
ohms, separation control 
Rii = 1800 ohms, 0.5 watt 
Rie = 43000 ohms, 0.5 watt 
R17 = 560 ohms, 0.5 watt 
R20 = potentiometer, 500 
ohms, sideband-level con¬ 
trol 

R 24 R 23 = 75000 ohms, 

0.5 watt 

R25 R 27 = 2200 ohms, 

0.5 watt 

R34 R35 = 47 ohms, 0 5 watt 
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Ci C2 C3 C4 = 0.02 jlì, mini¬ 
ature, 100 v. 

C5 Cs C17 C20 = 0.1 jlì, mini¬ 
ature, 100 v. 

Co Or = 0.5 jlì, miniature, 
100 v. 

Ce Ciò = 6 jttf, electrolytic, 

6 v. 

Cu C12 — 10 jlì, electrolytic 
6 v. 

C 13 C 14 = 0.001 jlì , miniature, 
100 v. 

C15 C10 Ci8 Ciò =: 1 jlì, mini¬ 
ature, 100 v. 

C 21 = 1000 jl f, electrolytic, 

10 v. 

C 22 C 26 = 2.2 n f, ceramic 
disc, 3 v. 

C 23 C 24 = 100 jlì, electrolytic, 
3 v. 

C20 C27 = 12 pf, ceramic disc, 
1000 v. 

C 28 = 1000 jlì, electrolytic, 

15 v. 


C 29 = 1000 jlì, electrolytic, 

25 v. 

CRi CR2 = 1N2859 
F = Fuse, % ampere, “slo- 
blo” 

Ri R2 = 3300 ohms, 0.5 watt 
R3 Re = 220000 ohms, 

0.5 watt 

R 4 Re = 10000 ohms, 0-5 watt 
Rt Rs = 1200 ohms, 0.5 watt 
Re Rio = treble-control dual 
potentiometer, 3000 ohms 
Rii R 14 = 2200 ohms, 0.5 watt 
Ria R 13 56000 ohms, 

0.5 watt 

Rie Rie = 1500 ohms, 

0-5 watt 

R 17 = balance potentiometer, 
2500 ohms 

Rie R20 — 180 ohms, 0.5 watt 
R21 R22 = loudness-control 
dual potentiometer, 10000 
ohms tapped down 3000 
ohms 

R23 R24 R20 R27 = 330 ohms, 
0.5 watt 


R25 R28 = bass-control dual 
potentiometer, 5000 ohms 
R20 R32 = 2200 ohms, 0.5 watt 
R30 R31 = 1800 ohms, 0-5 watt 
R33 R34 = 6800 ohms, 0.5 watt 
R35 R30 = 470 ohms, 0.5 watt 
R37 R40 = 820000 ohms, 

0.5 watt 

R 38 R3e = 51 ohms, 0.5 watt 
Rn -- 390 ohms, 0.5 watt 
R42 R43 = 220 ohms, 1 watt 
R 44 R 45 = 68 ohms, 0.5 watt 
R46 R47 — 0.27 ohm, 0.5 watt 
R 48 = 7 ohms, 10 watts 
Ti T 2 = output transformer, 
25 ohms to 4 ohms at 400 
cps; Mid-West Coil and 
Transformer 20A124 or 
equiv. 

T 3 = power transformer, 
117 v. to 48 v., center- 
tapped (24 v. per wind- 
ing) ; Mid-West Coil and 
Transformer 20P21 or 
equivalente 
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11-14 HIGH-QUALITY STEREO AMPLIF1ER 

Output 15 Watts per Channel 



Ci, C 2 = 180 pf, ceramic 

Cs, C 4 , Co, Ce = 1800 pf, 
ceramic 

C 7 , Ce = 2 il f, electrolytic, 
10 v. 

Ce, Ciò, Cu, C12, Cie, C20 — 
5 jlì , electrolytic, 3 v. 

Ci3, C14 = 5 /lì, electrolytic, 
3 v. 

C 15 , Ci8 — 0.5 jlì, ceramic 

C10, C17 = 4 /lì, mylar 

C 21 , C 24 = 47 pf, ceramic 

C22, C23 = 50 /lì, electrolytic, 
3 v. 

Fi, F 2 = fuse, 3 amperes 

Ri, R 2 , R 7 , Rio = 1 megohm, 
0.5 watt 

R3, R 4 = treble control, dual 
potentiometers, 3 meg- 
ohms, 0.5 watt, audio 
taper 

Re, Re = 0.1 megohm, 

0.5 watt 


Rs, Re = 0.22 megohm, 

0.5 watt 

Rii, R 12 = 4700 ohms, 

0.5 watt 

R13, R14 = loudness control, 
dual potentiometers, 25000 
ohms, 0.5 watt, linear 
taper 

Rie, R 10 = 27000 ohms, 

0.5 watt 

R 17 , R 18 — 33000 ohms, 

0.5 watt 

Rie, R20 — 1000 ohms, 

0.5 watt 

R 21 , R 22 . 10000 ohms, 

0.5 watt 

R23, R28 = 270 ohms, 

0.5 watt 

R24, R27 = bass control, dual 
potentiometers, 5000 ohms, 
0.5 watt, audio taper 

R25, R 20 = 39 ohms, 0.5 watt 


R 29 = balance control, po¬ 
tentiometer, 5000 ohms, 
0.5 watt, S taper 

R30, R33 --- 0.12 megohm, 
0.5 watt 

R 31 , R32 == 1500 ohms, 

0.5 watt 

R 34 , R 3 B = 12000 ohms, 

0.5 watt 

R 30 , R 37 = 15000 ohms, 

0.5 watt 

R38, R40, R43, R46 =: 5600 
ohms, 1 watt 

R39, R44 =: 3.9 ohms, 0.5 watt 

R43, R47, R48, R4e — 0.27 ohm, 
0.5 watt 

Si = selector switch, 
double-pole, double- 
throw 

Ti, T 2 = driver transform- 
ers, Columbus Process 
No. X7602, Better Coil 
and Transformer No. 
99A4, or equivalent 
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7 7-75 POWER SUPPIY FOR AMATEUR TRANSMITTER 

600 Volts; 300 Volts; Total Current 330 Milliamperes (Intermittent Duty) 



Ci C 2 C 3 C 4 Cs Ce Ct Cb = 
0.001 fif, ceramic disc, 

1000 v. 

Co Ciò Cu Cia = 40 /if, elec- 
trolytic, 450 v. 

CRi CRa CRa CR 4 CRs CRe 
CRt CRb = RCA-1N2864 
F =• Fuse, 5 amperes 
1= indicator lamp 


Ki = relay; Potter and 
Brumfìeld KA11AY or 
equiv. 

Li = 2.8 henries, 300 ma; 

Stancor C-2334 or equiv. 
L 2 = 4 henries, 175 ma; 

Stancor C-1410 or equiv. 
Ri R 2 R 3 R 4 Rs Re R7 Rs = 
470 k, 0.5 watt 


Re — 47 ohms, 1 watt 
Rio Ru = 15000 ohms, 10 
watts 

Ria = 47000 ohms, 2 watts 
Si S2 = toggle switch, single- 
pole single-throw 
T = power transformer; 
Stancor P-8166 or equiv. 
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7 7-76 27-Mc CITIZENS-BAND TRANSCEIVER 



Ci Ce Co = 0.001 tif, ceramic 
disc 

C 2 C3 = 27 pf, mica 
Ci = 0.02 fii, ceramic disc 
Cs — 3-35 pf, trimmer 
C 7 = 10 /li, electrolytic, 3 v. 
Cs Ciò = 30 fif, electrolytic, 
3 v. 

Cu = 0.2 ili, ceramic disc 
C 12 = 200 /ii, electrolytic, 

10 v. 

CR = crystal, 27.12 Me 
(series resonant mode) 

Li = 25 /ih , radio-frequency 
choke 


L 2 = 9 tums No. 24 enam. 
close-wound on %-inch 
form, ferrite slug 
Ri - 22000 ohms, 0.5 watt 
R2 = 2200 ohms, 0.5 watt 
R3 = 240 ohms, 0.5 watt 
Ri = regeneration-control 
potentiometer, 1000 ohms 
Rs = volume-control poten¬ 
tiometer, 5000 ohms 
Re = 6800 ohms, 0.5 watt 
R 7 = 56000 ohms, 0.5 watt 
Rs = 1000 ohms, 0.5 watt 
Re = 10000 ohms, 0.5 watt 
Rio = 560 ohms, 0.5 watt 
Ru 15 ohms, 0.5 watt 


R 12 = 27 ohms, 0.5 watt 
S =: receive-transmit switch, 
six-pole two-position 
Sp — speaker, 14-ohm voice 
coil 

Ti = transformer; primary 
10000 ohms; secondary 
1000 ohms, center-tapped 
(one-half secondary used) 
T 2 = transformer; primary 
20000 ohms; secondary 
800 ohms, center-tapped 
(one-half secondary used) 
T3 = transformer; primary 
650 ohms, center-tapped; 
secondary 16 ohms 
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H-77 27-Mc, 5-WATT CITIZENS-BAND TRANSMITTER 



Ci = 75 pf, ceramic 
C 2 = 30 pf, ceramic 
C3, Ci, C7 = 0.01 /if, ceramic 
Cs = 47 pf, ceramic 
C 6 — 51 pf, mica 
Cs = 24 pf, mica 
Ce = 0.01 /if, ceramic 
Ciò = variable capacitor, 90 
to 400 pf (ARCO 429, or 
equiv.) 

C 11 = 100 pf, ceramic 
C12 = 220 pf, ceramic 
C13 = 5 /if, ceramic 
Cu, C17 = 50 11 f, electrolytic, 
25 v. 

Cis ~ 10 /ii, electrolytic, 

15 v. 

Cie, Ci 8 = 10 tif , ceramic 
Ciò, C 20 = 0.2 iif, ceramic 
C 21 = 0.1 /if, ceramic 
C 22 = 500 /if, electrolytic, 

15 v. 

Li, L 2 = rf choke, 15 /if 
(Miller 4624, or equiv.) 


L 3 = variable inductor (0.75 
to 1.2 /ih) ; 11 turns No. 22 
wire wound on ^4-inch 
CTC coil form having a 
“green dot” core; Q = 120 
Li = variable inductor (0.5 
to 0.9 /ih) ; 7 turns No. 22 
wire wound on ^4-inch 
CTC coil form having a 
“green dot” core; Q = 140 
Ri —- 510 ohms, 0.5 watt 
R 2 , R12 = 5100 ohms, 

0.5 watt 

R 3 = 51 ohms, 0.5 watt 
Ri = 120 ohms, 0.5 watt 
Rs = 47 ohms, 0.5 watt 
Re = 0.1 megohm, 0.5 watt 
R7 = 10000 ohms, 0.5 watt 
Rs = 2000 ohms, 0.5 watt 
Re = potentiometer, 10000 
ohms 

Rio = 3600 ohms, 0.5 watt 
Ru = 15000 ohms, 0.5 watt 
R 13 r- 1000 ohms, 0.5 watt 
Ru = 1200 ohms, 0.5 watt 
R 15 = 240 ohms, 0.5 watt 


Rie, R 17 = 2700 ohms, 

0.5 watt 

Ria, Rie = 1.5 ohms, 0.5 watt 
Ti = rf transformer; pri- 
mary 14 turns, secondary 
3 turns of No. 22 wire 
wound on y^inch CTC 
coil form having a “green 
dot” core; slug-tuned 
(0.75 to 1.2 /ih) ; Q = 100 
T 2 = rf transformer; pri- 
mary 14 turns, secondary 
2- 3 A turns of No. 22 wire 
wound on l / 4 -inch CTC 
coil form having a “green 
dot” core; slug-tuned 
(0.75 to 1.2 /ih) ; Q = 100 
T 3 = transformer; primary: 
2500 ohms; secondary 200 
ohms center-tapped; Mi- 
crotran SMT 17-SB, or 
equiv. 

Ti = transformer; primary: 
100 ohms center-tapped; 
secondary: 30 ohms 


sin 
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JJ.Jg VIDEO AMPLIFIER 

High Input Kmpedance, Bandwidth 7.5 Me, Gain 75 


INPUT 

fSOURCE- 

5000 

OHMS) 



Ci = 10 /if, electrolytic, 

15 v. 

2 = 0.1 /if, paper, 100 v. 
i = potentiometer, 25000 
ohms (adjust for 40 v. 


between collector of 
2N1493 and ground) 

R 2 = 50000 ohms, 1 watt 
R 3 Rs = 10000 ohms, 

0.5 watt 


Ri = 100 ohms, 0.5 watt 
Re - 510 ohms, 0.5 watt 

R7 = 2000 ohms, 1 watt 
Rs = 20 ohms, 0.5 watt 



Ci C 3 C 4 Cs = 3-20 pf, 
ceramic trimmer 
C 2 Cs = 0.01 /if, 100 v. 

Ri = 1000 ohms, 2 watts 


Ti = 8 turns No. 24 enam. 
on General Ceramic Corp. 
F-303 toroid of Q material, 
tapped at 7 turns from 
ground 


T 2 = 8 turns of No. 24 enam. 
wound on CTC %-inch 
ceramic coil form (no 
slug used), tapped at 2.5 
turns 
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H-20 "FRONT END" FOR 450-Mc SUPERHETERODYNE RECE1VER 



Ci, Cs, Cis, Ciò = 50 pf, 
ceramic disc 

C2, Co, Cis, C34 = trimmer; 
0.8 to 8 pf; JFD type 
VC 20 G, or equiv. 

C4, Cs, C14 = trimmer; 0.3 
to 5 pf; tubular ceramic 
Ce, Ce, Ciò, C11, C17 = 500 pf, 
ceramic feedthrough 
C T , C12, Cis = 1000 pf, 
ceramic feedthrough 
C19 = 75 pf, ceramic disc 
C20, C24, C25, C35 = 0.005 fif, 
ceramic disc 


C21 = 470 pf, ceramic disc 
C22 = trimmer, 3 to 12 pf, 
tubular ceramic 
C23 = 0.001 juf, ceramic 
feedthrough 

C 26 , C 28 , Cso = trimmer; 1 
to 12 pf; JFD type 57G, 
or equiv. 

C 27 = 24 pf, ceramic disc 
C 20 = trimmer; 2 to 25 pf; 
JFD type VC24GY, or 
equiv. 

C 31 = trimmer; 1 to 4 pf; 
JFD type VC21G, or 


equiv. 

C32 = 0.001 nl t ceramic disc 
Li, L7 = silver-plated bar 
stock; length, 2.8 inches; 
diameter, y 4 inch 
L 3 — one-half tum of No. 
16 solid copper wire, lo- 
cated y 4 inch from and 
parallel to L* 

L 4 , Le = silver-plated bar 
stock; length, 3 inches; 
diameter, y 4 inch 
Ls, La, Lo = 0.22 fi h; rf 
choke; J. W. Miller Type 
9320-02, or equiv. 


Parts List Continued on Page 363 


77-27 


30-Mc IF AMPLIFIER 



Ci, Cs, C4, C?, Co = 0.05 fif, 
ceramic disc 

C 2 = trimmer, 0.8 to 8 pf, 
JFD type VC20G, or 
equiv. 

Cs, Cs = 2000 pf, ceramic 
feedthrough 

C6 = trimmer, 6 to 8 pf, 
tubular ceramic 


Ciò = trimmer, 2 to 25 pf; 
JFD type VC24GY, or 
equiv. 

Li '= 3 /ih; tapped rf coil; 
ratio of number of tums 
in over-all coil to thè 
number in section be- 
tween tap and ground, 
1.5 to 1 


L 2 , L 4 = 2 /ih, rf coil 
L 3 — 10 /ih, rf choke 
Ri, Rs = 18000 ohms, 
0.5 watt 

R 2 , R6 = 7500 ohms, 
0.5 watt 

R 3 , R 7 = 1000 ohms, 
0.5 watt 

R4 = 110 ohms, 0.5 watt 


FOR 450-Mc SUPERHETERODYNE RECEIVER 
(cont'd) 


77-20 "FRONT END" 


Lio, L11 =r 5 tums of No. 
22 wire. 0.25-inch inner 
diameter, coupled on 
same coil form 
L12 = 1 /ih, rf choke 
L13 = 1.1 /th, rf coil 
L 14 = 6 tums of No. 22 
wire; length, % inch; in¬ 
ner diameter, % 6 inch 
Lie = 5 turns of No. 22 
wire; length, % inch; in¬ 
ner diameter, y 2 inch 
Lie = 1 /ih, rf choke 


L17 = silver-plated bar 

stock; length, 2 inches; 
diameter y 4 inch 

Lia = silver-piate brass 
strip; length, 1 inch; 
width, y 4 inch; located 
Vie inch from and parallel 
to L17 

Ri, R 4 , R? = 6800 ohms, 

0.5 watt 

R2, Rs, Rs = 2700 ohms, 

0.5 watt 

R3, Re, Rb = 1000 ohms, 

0.5 watt 


Rio = 4.7 ohms, 0.5 watt 
Rn = 51000 ohms, 0.5 watt 
Ria = 510 ohms, 0.5 watt 
R13 = 15000 ohms, 0.5 watt 
R 14 = 39000 ohms, 0.5 watt 
Ti = rf transformer (30 
Me); 9 /ih; primary-to- 
secondary turns ratio, 30 
to 1 ; primary, 26 turns of 
No. 22 wire wound on J. 
W. Miller type 4500 coil 
form 

XTAL == 120-Mc oscillator 
crystal 
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RCA Transistor IVìanuai 

SERVO AMPLIFIER 

L Output 6 Watts 



Ci = 10 ixf, electrolytic, 
15 v. 

C 2 = 47 jif, electrolytic, 
15 v. 

Cs ~ 20 fif, electrolytic, 
50 v. 

C 4 = 500 jif> electrolytic, 
50 v. 


Ri — 68000 ohms, 0.5 watt 
R 2 = 5600 ohms, 0.5 watt 
R 3 — 56 ohms, 0.5 watt 
R 4 = 560 ohms, 0.5 watt 
R 5 = 3300 ohms, 0.5 watt 
Re Rd = 18000 ohms, 0.5 watt 
Rt R8 — 400 ohms, 0.5 watt 
Rio Rii — 4 ohms, 1 watt 


T= driver transformer; core 
material 0.014-inch Mag- 
netic Metals Corp. “Crys- 
talligned” or equiv.; 
primary 1500 turns; sec- 
ondary 450 turns, bifìlar 
wound (each section 225 
turns) 


Il .23 100-Kc POWER OSCILLATOR 

Output 10 Watts 



Ci — 0.1 ulì, paper, 50 v. 

C 2 = 0.33 fif, paper, 100 v. 
Ri — 510 ohms, 0.5 watt 
T = rf transformer; air core; 
collector winding, 19 turns 
No. 10 enam; base wind- 
ing, 5 turns No. 22 enam.; 
inside diameter of wind- 
ings, 0.88 inch; close- 
wound 


Circuits 


365 


lì-24 27-Mc CRYSTAL OSCILLATOR 

Output 4 mw 


Ci = 20 pf, ceramic disc, 

25 v. 

C 2 C 4 = 0.01 fif, ceramic 
disc, 25 v. 

C 3 = 22 pf, ceramic disc, 

25 v. 

CR =: crystal, 27 Me 

Li = 15 turns No. 22 enam., 
close-wound on CTC LS5 
form (powdered-iron 
slug) 

L 2 = 2 turns No. 18 enam., 
wound over cold end of 
Li 

Ri — 9100 ohms, 0.5 watt 

R 2 = 680 ohms, 0.5 watt 

R 3 = 200 ohms, 0.5 watt 



lì -25 


70-Mc POWER OSCILLATOR 
Output 0.5 Watt 



CONSTANT-CURRENT 

SUPPLY 


Ci Cs = 1500 pf, feed- 
through, ceramic 
C 2 Ce = 7-100 pf, 
trimmer, ceramic 
C 4 = 0.01 tif> ceramic 


disc, 25 v. 

Ce == 5-50 pf, 
trimmer, ceramic 
Li L 2 =z 10 /ih, radio- 
frequency choke 


Ls = 3 Y 2 turns No. 
14 enam., close- 
wound on %-inch 
diameter, tapped at 
2 turns 
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77-26 


250-Mc OSCILLATOR 

Output 150 mw 


7 7-28 VOLTAGE REGULATOR, SHUNT TYPE 

Regulation 1.5% 


C2 



Ci C 8 = 1000 pf, feed- 

through, ceramic 

C 2 = 0.6-5.5 pf, trimmer, 
ceramic 

C 3 = 3-15 pf, trimmer, 
ceramic 

C* = 4-50 pf, trimmer, 
ceramic 

C 5 = 0.002 jLii, paper, 100 v. 

Li L 3 = 0.82 ^h, radio- 
frequency choke 

L 2 = 1 turn No. 14 enarri., 
1-inch diameter 

Ri — 400 ohms, 0.5 watt 


CR = reference diode, 27 v. 

Ri — 28 ohms, 10 watts (in- 
cludes source resistance 
of transformers, rectifìers, 
etc.) 

Ra — 50 ohms, 0.5 watt 


R 1 



7 7-27 DC-TO-DC CONVERTER 


• T 




7 7-29 VOLTAGE REGULATOR, SERIES TYPE 

Regulation 2% 



Ci = 10 fii, electrolytic 
500 V. 

CRi CRa CRs CR* = 1N3256 
(or 1N3196) 

Ri = 330 ohms, 2 watts 
R 2 — 5 ohms, 5 watts 
Ti = transformer; core: one 
hundred 0.014-inch-thick 


E-I lamìnations of Mag- 
netic Metals Corp. “Crys- 
talligned 33,” or equiv.; 
primary: 34 turns, bifilar 
wound, of AWG No. 16 
enameled wire, center 
tapped (each section 17 
bifilar turns.) ; feedback 


windings: 5 turns each of 
AWG No. 26 enameled 
wire; secondary: 640 turns 
of AWG No. 26 enameled 
wire; winding order; pri¬ 
mary, feedback windings, 
secondary. 


CR = reference diode, 7.5 v., 
100 mw. 

Ri ~ 225 ohms, 5 watts 
R 2 - 10000 ohms, 0.5 watt 
R 3 Rb = 0.075 ohm, 5 watts 
(cut to measure from re¬ 
sistance wire) 


Ri = 60 ohms, 4 watts 
Rs — 75 ohms, 5 watts 
Rt = 2200 ohms, 0.5 watt 
Rs Rio = 500 ohms, 2 watts 
Ro — 120 ohms, 2 watts 
Rii — 820 ohms, 1 watt 
R 12 = potentiometer, 150 
ohms, 0.5 watt 


R13 = 300 ohms, 1 watt 

NOTE: 2N1485 and 2N2015 
transistors must be mounted 
on heat sink of sufficient 
size to keep thè case tem- 
peratures below 100°C. 
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11-30 VOLTAGE REGULATOR, SHUNT TYPE 

Regulation 0.5% 



1 J_3J VOLTAGE REGULATOR, SERIES TYPE 

With Adjustabte Output 

Line Regulation within 1.0% Load Regulation within 0.5% 



Ci = 1 fif, paper, 25 v. Ri ~ 1200 ohms, 0.5 watt R? = 270 ohms, 0.5 watt 

Cz = 100 (il, electrolytic, R2 Ri Re = 0.1 ohm, 0.5 watt Rs Rio = 1000 ohms, 0.5 watt 

50 v. R3 = 2000 ohms, 0.5 watt Ro = potentiometer, 1000 

CR = reference diode, 12 v. Rs = 570 ohms, 0.5 watt ohms, 0.5 watt 


Circuits 


IJ-32 ASTABLE MULTtVIBRATOR 

(Repetition Rate = 7000 pps) 



1 33 MONOSTABLE MULTtVIBRATOR 

(On-Time Pulse = 70 Milliseconds) 



On-time Pulse = O.7R3C3 
Ci = 0.005 jif, paper, 25 v. 
C 2 = 0.05 jif, paper, 25 v. 


C3 =3 0.01 fii, paper, 25 v. 
Ri Rs 33 60 ohms, 5 watts 
R 2 3= 820 ohms, 0.5 watt 


Ra = 1000 ohms, 0.5 watt 
Ri = 5000 ohms, 0.5 watt 



no 
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7 7 -34 BISTABLE MULTIVIBRATOR 

1 -Me "Flip-Flop" 


+ 6V -I8V +6V 



INPUT 


C3 = 180 pf, mica, 24 v. Di D2 D3 Di Db De = diode, R 2 Rt = 1200 ohms, 0.5 watt 
C 4 = 430 pf, mica, 24 v. 1N126 R3 Re = 11000 ohms, 0.5 watt 

Ri Re = 5100 ohms, 0.5 watt Ri Rb = 2700 ohms, 0-5 watt 


Circuits 
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77.35 6 -VOLT IGNITION SYSTEM 



CRi = 1N1202A R 3 — 0.2 ohms, 25 watts 

CR 2 = zener diode, 90 volts, R 4 = 100 ohms, 1 watt 
50 watts Ti = ignition coil; Mallory 

Ri — 50 ohms, 5 watts Type F.-12T, or equiv. 

R 2 = 2 ohms, 25 watts * The capacitor (conden- 


ser) normally connected 
across thè distributor 
points in thè automobile 
may be retained in thè 
Circuit. 


11-36 12-VOLT IGNITION SYSTEM 



CRi = 1N1202A 
CR 2 = zener diode, 90 volts, 
50 watts 

Ri — 100 ohms, 5 watts 
R 2 = 7.5 ohms, 25 watts 


Rs = 1.0 ohm, 100 watts 
Ri — 200 ohms, 1 watt 
Ti = ignition coil; Mallory 
Type F-12T, or equiv. 

* The capacitor (conden- 


ser) normally connected 
across _ thè distributor 
points in thè automobile 
may be retained in thè 
Circuit. 
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11-37 VOLTÀGE-SENSITIVE SWITCH 

(USED WITH NORMALLY OPEN RELAY) 

Relay energizes when voltage level exceeds a predetermined value 

7 7-39 


SHIFT REGI STER 



Ki — de relay; 12-volt, 71- 
ohm coil; Potter-Brum- 
fìeld Type PR11DY, or 
equivalent. 

Ri ■— 150 ohms ±10%; 

0.5 watt 


R 2 = 470 ohms ± 10%; 

0.5 watt 

R3 = desired detection-volt- 
age level x 800 ohms 


*Relay-contact connections 
may be arranged to provide 
thè type of control func- 
tions desired» 


II -38 VOLTAGE-SENSITIVE SWITCH 

(USED WITH NORMALLY CLOSED RELAY) 

Relay de-energizes when voltage level exceeds a predetermined value 




Ci = 100 ni, electrolytic, 6 v. 
C 2 Ci Cs Cn = 0.05 ili (or 
0.1 /if ), ceramic, 50 v. 

C3 = 1 tii (or 25 /ii), elec¬ 
trolytic, 25 v. 

CRi, CR 2 , CRn — crystal 
diode 1N34 (or 1N3754) 

In I 2 , In = indicator lamp 


No. 49; 2-volt, 60-ma (or 
No. 1488; 14-volt, 150-ma) 
Ri = 1000 ohms, 0.5 watt 
(or 680 ohms, 1 watt) 

R 2 = 27 ohms, 0.5 watt (or 
12 ohms, 1 watt) 

R3 = 1000 ohms, 0.5 watt 
R 4 = 1000 ohms, 0.5 watt (or 


330 ohms, 0.5 watt) 

Rs, Rs, Rio, Rn = 2200 ohms, 
0.5 watt (or 680 ohms, 
0.5 watt) 

Re, Re, Rn' = 560 ohms, 0.5 
watt (or 180 ohms, 1 watt) 
R7, Rn" — 150 ohms, 1 watt 
(or 82 ohms, 2 watts) 


Notes: 

The shift register may use as many stages as desired and may be 
made regenerative by connecting points A and A'. In addition, thè 
basic Circuit can be adapted for operation at many different output- 
current levels. 

The Circuit as shown is designed for an output-current level of 
40 ma (Ei = 12 v; Ea = 9 v). Transistor types and componeni values 
shown in parenthesis indicate thè changes necessary for operation at 
an output-current level of 3 amperes (Ei = 27 v; E 2 =: 24 v). 


K = de relay; 12-volt, 71- 
ohm coil; Potter-Brum- 
field Type PR11DY, or 
equivalent 

Ri ~ 75 ohms ± 10%, 10 
watts 


R 2 - 150 ohms ± 10%, 0.5 
watt 

R 3 ■ 470 ohms ± 10%, 0.5 
watt 

R 4 = desired detection-volt- 
age level x 800 ohms 


♦Relay-contact connections 
may be arranged to provid^ 
thè type of control func- 
tions desired- 
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7 7-40 ELECTRONIC THERMOSTAT 



THERMISTOR 

ELEMENT 


CI000 OHMS AI 25 fl C) 


Ci, Cz — 1000 ii f, electrolytic, 
25 v. 

C3 = 2 iif, paper, 200 v. 

Ci, = 100 ut, electrolytic, 

15 v. 

Cs = 100 jif, electrolytic, 

25 v. 

F = fuse, 3 amp. 

I = indicator lamp; 117 v., 
6 watts 

K = de relay; single-pole, 
single-throw, double- 
break; 12-volt de coil, 80 
ohms minimum resist¬ 
ane e; Potter-Brumfìeld 
PR3DY or equiv. 


Ri, R 2 = 3000 ohms ±10%; 
0.5 watt 

R 3 = variable resistor, 500 
ohms, linear taper, 0.5 
watt 

Ri = 330 ohms ± 10%, 0.5 
watt 

Rb, Ri 2 » Rii = 47 ohms 
± 10%, 0.5 watt 

Ro = 1000 ohms ± 10%, 

2 watts 

Rt, Ro ~ 1000 ohms ± 10%, 
0.5 watt 

Re = 12000 ohms ± 10%, 
0.5 watt 


Rio = 39 ohms ± 10%, 

0.5 watt 

Rn = 10000 ohms ± 10%, 
0.5 watt 

R 13 — 680 ohms ±10%, 

0.5 watt 

S — toggle switch; single- 
pole, single-throw 

Ti = transformer; 117-v. 
primary; 25.6 v, 0.6-amp. 
secondary; Thordarson 
T-21F27, or equiv. 

T 2 = transformer, 117-v. 
primary; 6.3 v, 0.6-amp. 
secondary; Stancor 
P-6465, or equiv. 
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Ci, C 3 = 1 nf, paper (or 
Mylar), 200 v. 

C 2 = 0.47 /if, ceramic, 25 v. 

Ci, Cs = 560 pf, ceramic, 

600 v. j 

Cb, Ce = 330 pf, ceramic, 

600 v. 

Ce, C 7 = 0.01 n f, ceramic, 

50 v. 

Ciò, Cu = 0.02 /if, ceramic, 
50 v. 

Cia = 0.1 ni, ceramic, 50 v. 

Cis, Cii = 2000 ni, electro¬ 
lytic, 15 v. 

Cib = 16 /if, electrolytic, 

150 v. 

I = indicator lamp No. 47 

K — de relay; coil resistance 
= 2500 ohms; operating 
current = 4 ma; Potter- 
Brumfìeld ML11D, 
or equiv. 

Ri = 39000 ohms, 0.5 watt 


R2, Re, Ria, R20 = 3900 ohms, 
0.5 watt 

R 3 , Rie = 18000 ohms, 

0.5 watt 

Ri, Re = 51000 ohms, 

0.5 watt 

Rb, R29 = potentiometer, 
10000 ohms 

R7, Rio = 22000 ohms, 

0.5 watt 

Re, R 22 , R 26 = 68 ohms, 

0.5 watt 

Rn, R 21 — 15000 ohms, 

0.5 watt 

R13, Rie = 33000 ohms, 

0.5 watt 

Rii, Rie, R30, R32 = 27000 
ohms, 0.5 watt 

Ri5, R23 = 270 ohms, 0.5 watt 

R 17 = 68000 ohms, 0.5 watt 

Rai = 100000 ohms, 0.5 watt 

R 26 = 560 ohms, 0.5 watt 

R 27 = 1200 ohms, 0.5 watt 


R 28 = volume-control 
potentiometer, 50000 ohms 

R31, R33 = 10000 ohms, 

0.5 watt 

R3ì = 6800 ohms, 0.5 watt 

R35 = 8200 ohms, 0.5 watt 

R36, R30, Rio = 15000 ohms, 
0.5 watt 

R 37 , R 38 = 47000 ohms, 

0.5 watt 

Rii = 10000 ohms, 1 watt 

51 = Vibroplex keyer, 
or equiv. 

5 2 = toggle switch, double- 
pole, double-throw 

Ss = toggle switch; single- 
pole, single-throw 

Ti - push-pull output trans¬ 
former (14000 ohm to 
V.C.) 

T 2 = power transformer, 
Stancor PS8415, PS8421, 
or equiv. 
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il-42 GRID-DIP METER 

For Measuring Resonant Frequencies from 3.5 to 100 Me 


B = 13.5 volts. RCA VS304 
Ci = 33 fifii, mica, 50 v. 

C 2 = 0.01 tii, paper, 50 v. 

Cs = 5 vili, mica, 50 v. 

Ci = 0.01 /if, paper, 50 v. 

Cs = variable capacitor, 50 
pf (Hammarlund type 
HF-50 or equivalent) 

J = phone jack, normally 
closed 

L = plug-in coil 
M - microammeter, 0 to 50 
iia (Simpson model 1227 
or equivalent) 

Ri = variable resistor, 0-0.25 
megohm, 0.5 watt 
R 2 = 220 ohms, 0.5 watt 
Ra = 3,000 ohms, 0.5 watt 
R 4 = 3,900 ohms, 0.5 watt 
Re = 39,000 ohms, 0.5 watt 
X = jumper, omit for meas- 
urements below 45 Me 



NOTE: Wind coils according 
to thè following directions: 

Coil Freq. Range Wire Sìze No. of Turns 

1 3.4-6.9 Me #28, enamel 48^4, dose wound 

2 6.7-13.5 Me #24, enamel 22, dose wound 

3 13-27 Me #24, enamel 9^4 > dose wound 

4 25-47 Me #24, enamel 4 1 ,4, dose wound 

5 46-78 Me #24, enamel R/ 2 , dose wound 

6 74-97 Me #16» tinned hairpin formed, 1% inches 

long including pins, and % 
inch wide 


Coil forms are Amphenol 
type 24-5H or equivalent. 


11.43 UGHI FLASHER 

60 Flashes per Minute 


s 



Ci = 25 fii, electrolytic, 12 v. Rs = 120 ohms, 0.5 watt rate. Bulbs and other resist- 

c 2 = 100 ili, electrolytic, S = switch ive loads handling currents 

12 v. up to one ampere may be 

LAMP = bulb, 12 v, NOTE: Ci and C 2 may be used, but inductive loads 

1 ampere varied to change flashing should not be used. 

Ri Ri 2000 ohms, 0.5 watt 
R 2 R 3 = 100000 ohms» 

0.5 watt 


SI# #0 


Circuits 
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7 7-44 UGHI DIMMER CONTROL USING SILICON 

CONTROLLED RECTIFEER 

(Half wave) 


= 0.47 fii, paper, 200 v. O—- 

= incandescent lamp, 300 a 

watts maximum 

1 ~ 25000 ohms, 2 watts 

2 -- 1000 ohms, 1 watt 

* With thè 1N1614 rectifìer 
in thè Circuit (switch 
closed), light control is HO VOLTS 
extended from 0 to 30 per 60 CPS 
cent of full brightness to . 

0 to 100 per cent of full 
brightness. 


] I_45 CODE-PRACTICE OSCILLATOR 


B = 1.5-4.5 v. (One to three 
series-connected RCA 
VS036 dry cells may be 
used, depending upon thè 
volume level desired. ) 

Ci C 2 = 0.01 ili, paper, 150 v. 
H = Headphone, 2000-ohm, 
magnetic 

Ri = 2200 ohms, 0.5 watt 
R2 = 27000 ohms, 0.5 watt 
R3 “ 3000 ohms, 0.5 watt 
Ri = volume control poten- 
tiometer, 50000 ohms, 0 5 
watt 


JI -46 PHOTO-RELAY 

Operates with Light Increase 


B = 6 volts, RCA VS317 
Ri = 120 ohms, 0.5 watt 
R 2 = potentiometer, 50 0 0 
ohms; Mallory U-14 or 
equivalent 

Relay — 1000 ohms, 2.3-mil- 
liampere operating cur- 
rent; Sigma type 5F or 
equivalent 

NOTE: The relay mounting 
frame is at armature poten- 
tial and should be insulated 
from a common chassis for 
safety reasons. 
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RCA Technical Publications 

on Electron Tubes, Semiconductor Products, 
and Batteries 


Copies of thè publications listed below 
may be obtained from your RCA dis- 
tributor or from Commercial Engineer¬ 
ing, Radio Corporation of America, 
Harrison, N. J. 

Semiconductor Products 

• RCA SEMICONDUCTOR PRODUCTS 
HANDBOOK — HB-10. Two binders, 
each 7%" L x 5%'' W x 2%" D. 
Contains over 1000 pages of loose- 
leaf data and curves on RCA semi¬ 
conductor devices such as transistors, 
Silicon rectifiers, and semiconductor 
diodes. Available on a subscription 
basis. Price $10.00* including Serv¬ 
ice for fìrst year. Also available with 
RCA Electron Tube Handbook HB-3 
at special combination price of $25.00.* 

• RCA TUNNEL DIODE MANUAL—TD- 

30 (8%" x 5%")—160 pages. Describes 
thè microwave and switching capabili- 
ties of tunnel diodes. Contains Infor¬ 
mation on theory and characteristics, 
and on tunnel-diode applications in 
switching circuits and in microwave 
oscillator, converter, and amplifier cir¬ 
cuits. Includes data for over 40 RCA 
germanium and gallium arsenide tun¬ 
nel diodes and tunnel rectifiers. Price 
$1.50.*t 

© RCA SEMICONDUCTOR PRODUCTS 
GUIDE— 3L1010/1L1147 (10%" x 8%")- 
12 pages. Contains classification chart, 
index, and ratings and characteristics 
on RCA’s line of transistors, Silicon 
rectifiers, semiconductor diodes, and 
photocells. Single copy free on re- 
quest. 

© RCA SILICON POWER TRANSISTORS 
APPLICATION GUIDE— 1CE-215 (10%" 


x 8%")—28 pages. Describes outstand- 
ing features of RCA Silicon power 
transistors and their use in many 
criticai industriai and military appli¬ 
cations. Includes construction details, 
discussion of voltage ratings, thermal 
stability conditions, and equivalent 
circuits for power transistors. Price 
50 cents.*f 

• TRANSISTORIZED VOLTAGE REGU- 
LATORS APPLICATION GUIDE—1CE-254 
(10%" x 8%")—12 pages. Describes 
and discusses transistorized voltage 
regulators of thè series and shunt 
types. Included are design considera- 
tions, step-by-step design procedures, 
and thè Solutions to sample design 
problems. An Appendix contains thè 
deri va tion of design equations. Price 
25 cents.*f 

• RCA TRANSISTOR REPLACEMENT 

GUIDE— 1L1115 (10%" x 8 %") —36 

pages. Contains RCA transistor and 
rectifìer replacement data for more 
than 1000 portable radio receivers, 
table radio receivers, tape recorders, 
and portable equipment of 145 manu- 
facturers. Price 35 cents.*f 

© RCA SILICON RECTIFÌER INTER- 
CHANGEABILITY DIRECTORY— 1CE-229A 
(10%" x 8%")—16 pages. Contains re¬ 
placement information, ratings, char¬ 
acteristics, and physical dimensions 
for more than 400 Silicon and selenium 
rectifiers. Price 25 cents.*f 

© RCA VARACTORS— VAR-100 (10% v 
x 8%")—8 pages. Contains complete 
data on RCA’s line of Silicon and 
gallium arsenide varactors. Quick- 
selection guide permits easy selection 
of proper RCA varactor for given 
frequency-multiplier or parametric- 


amplifìer application. Single copy free 
on request 

• TECHNICAL BULLETINS— Authorized 
information on RCA semiconductor 
products. Be sure to mention type- 
number bulletin desired. Single copy 
on any type free on request. 


Electron Tubes 

• RCA ELECTRON TUBE HANDBOOK 
—HB-3 (7%" x 5%"). Five 2y 4 -inch- 
capacity binders. Contains over 5000 
pages of looseleaf data and curves on 
RCA receiving tubes, transmitting 
tubes, cathode-ray tubes, pie tur e 
tubes, photocells, phototubes, camera 
tubes, ignitrons, vacuum gas rectifiers, 
traveling-wave tubes, premium tubes, 
pencil tubes, and other miscellaneous 
types for special applications. Avail¬ 
able on subscription basis. Price 
$20.00* including Service for fìrst year. 
Also available with RCA Semicon¬ 
ductor Products Handbook HB-10 at 
special combination price of $25.00.* 

• RADIOTRON 0 DESIGNERÀ HAND¬ 
BOOK— 4th Edition (8 3 /4" x 5y 2 ") — 
1500 pages. Comprehensive reference 
covering thè design of radio and audio 
circuits and equipment. Written for 
thè design engineer, student, and ex- 
perimenter. Contains 1000 illustra- 
tions, 2500 references, and cross- 
referenced index of 7000 entries. 
Edited by F. Langford-Smith. 

• RCA PHOTOTUBE AND PHOTOCELL 
MAN UAL—PT-60 (8%" x 5%")—192 
pages. Well-illustrated informative 
manual covering fundamentals and 
operating considerations for vacuum 
and gas phototubes, multiplier photo¬ 
tubes, and photocells. Also describes 
basic applications for these devices. 
Features easy-to-use selection chart 
for multiplier phototubes. Data and 
performance curves given for over 90 
photo-sensitive devices. Price $1.50*f 

© RCA RECEIVING TUBE MANUAL— 
RC-22 (8y 4 " x 5%")—544 pages. Con¬ 
tains technical data on over 1000 
receiving-type tubes for home-enter- 
tainment use and picture tubes for 


black-and-white and color TV. Fea¬ 
tures tube theory written for thè 
layman, application data, selection 
charts, and typical circuits. Features 
lie-flat binding. Price $1.25*f 

• RCA TRANSMITTING TUBES— TT-5 
(8%" x 5%")—320 pages. Gives data 
on over 180 power tubes having piate- 
input ratings up to 4 kw and on as- 
sociated rectifìer tubes. Provides basic 
information on generic types, parts 
and materials, installation and appli¬ 
cation, and interpretation of data. 
Contains Circuit diagrams for trans¬ 
mitting and industriai applications. 
Features lie-flat binding. Price $1.00*t 

© RCA POWER TUBES— PG101F (10%" 
x 8%")—36 pages. Technical informa¬ 
tion on 200 RCA vacuum power tubes, 
rectifìer tubes, thyratrons, and igni¬ 
trons. Includes terminal connections. 
Price 60 cents.*f 

© RCA RECEIVING-TYPE TUBES FOR 
INDUSTRY AND COMMUNICATIONS— 
RIT 104C (10%" x 8%")—44 pages. 
Technical information on over 190 
RCA “special red” tubes, premium 
tubes, nuvistors, computer tubes, pen¬ 
cil tubes, glow-discharge tubes, small 
thyratrons, low-microphonic amplifier 
tubes, mobile Communications tubes, 
and other special types. Includes 
socket-connection diagrams. Price 35 
cents.*t 

• RCA RECEIVING TUBES AND PIC- 
TURE TUBES— 1275K (10%" x 8%") — 
64 pages. New, enlarged, and up-to- 
date booklet contains classification 
chart, application guide, characteris¬ 
tics chart, and base and envelope 
connection diagrams on more than 
1050 entertainment receiving tubes 
and picture tubes. Price 50 cents.*f 

• RCA PHOTO AND IMAGE TUBES— 

1CE-269 (10%" x 8%")—32 pages. 

Includes concise data on RCA multi¬ 
plier phototubes, gas and vacuum 
photo-diodes, and image-converter 
tubes. Contains response curves for 
photo and image tubes, sockets and 
shields for phototubes, and dimen¬ 
sionai outlines for photo and image 
tubes. Price 60 cents.*f 


378 



380 


RCA Transistor Manual 


® RCA INTERCHANGEABILITY DIREC¬ 
TORY OF INDUSTRìAL-TYPE ELECTRON 
TUBES —ID-1020D (10%" x 8%")—12 
pages. Lists more than 1600 basic type 
designations for 20 classes of industriai 
tube types; shows thè RCA Direct Re- 
placement Type or thè RCA Similar 
Type, when available. Price 35 cents.*f 

• RCA PHOTOCELLS —1CE-261A (10%" 
x 8%")—32 pages. Contains a selection 
of photocell-circuit diagrams; tech- 
nical data and characteristic curves of 
RCA photoconductive, photo] unction, 
and photovoltaic cells; interchange- 
ability information. Also contains 22 
representa ti ve circuits. Price 50 
cents.*f 

© RCA MAGNETRONS AND TRAVEL- 
ING-WAVE TUBES—MT-301A (10%" x 
8%")—48 pages. Operating theory for 
magnetrons and traveling-wave tubes, 
application considerations, and tech- 
niques for measurement of electrical 
parameters. Price 60 cents.*f 

• RCA PENCIL TUBES— 1CE-219 (10%" 
x 8%")—28 pages. Contains operating 
theory for pencil tubes, electrical and 
mechanical circuit-design considera¬ 
tions, environmental considerations, 
application considerations, and data 
for commercial types. Price 50 cents.*f 

• RCA CAMERA TUBES-CAM-600 
(10%" x 8%")—16 pages. Contains 
elassifìcation charts, defining data and 
typical characteristics curves for RCA 
image orthicons and vidicons. Camera 
tubes recommended for new equip- 
ment design are highlighted. Price 50 
cents.*f 

• RCA INTERC HANGEABILITY DIREC¬ 
TORY OF FOREIGN vs. U.S.A. RECEIV- 
ING-TYPE ELECTRON TUBES—1CE-197C 

(8%" x 10%")—8 pages. Covers ap- 
proximately 800 foreign tube types 
used principally in AM and FM radios, 
TV receivers, and audio amplifìers. In- 
dicates U.S.A direct replacement type 
or similar type if available. Price 10 
cents.* 


• RCA STORAGE AND CATHODE-RAY 
TUBES —1CE-270 (10%" x 8%")—12 
pages. Includes concise data on RCA 
display-storage tubes, computer - 
storage tubes, scan-converters, rade- 
chons, oscillograph-type cathode-ray 
tubes, and special purpose kinescopes. 
Price 20 cents.*f 

• RCA NUVISTOR TUBES FOR INDUS- 
TRIAL AND MILITARY APPLICATIONS— 
1CE-280 (10%" x 3%")—16 pages. 
Describes unique features of nuvistors 
and includes tabular data, dimensionai 
outlines, curves, terminal diagrams, 
and socket information. Price 25 
cents,*f 

© TECHNICAL BULLETINS— Authorized 
information on RCA receiving tubes, 
transmitting tubes, and other tubes 
for Communications and industry. Be 
sure to mention tube-type bulletin 
desired. Single-copy on any type free 
on request. 


Batteries 

© RCA BATTERY MANUAL—BDG-111 
(10%" x 8%")—64 pages. Contains 
information on dry cells and batteries 
[carbon zinc (Leclanché), mercury, 
and alkaline types]. Includes battery 
theory and applications, detailed elec¬ 
trical and mechanical characteristics, 
a elassifìcation chart, dimensionai out¬ 
lines, and terminal connections on 
each battery type. Price 50 cents.*f 

• RCA BATTERIES—BAT-134F (10%" 
x 8%")—24 pages. Technical data on 
113 Leclanché, alkaline, and mer- 
cury-type dry batteries for radios, 
industriai applications, flashlights, 
lanterns, and for photofìash Service. 
Price 35 cents.*f 


0 Trade Mark Reg. U.S. Pat. Off. 

* Prices sho v/n apply in U.S.A. and are 
subject to change without notice. 

t Suggested price. 


Reading List 

The following list contains a number of references which should prove 
helpful to those interested in further information on semiconductor theory 
and applications. 

Basic Theory and Application of Transistors TM 11-690, U.S. Govt. Print- 
ing Office, 1959. 

Bettridge, B. R. Transistors and Crystal Diodes, Wehman Bros., 1954. 
Biondi, S. J. Transistor Technology , Voi. III. D. Van Nostrand Co., Ine., 

1958. 

Caldwell, W. C. Practical Transistor Servicing, Howard W, Sams Co., 
Ine., 1960. 

Carroll, J. M. Transistor Circuits and Applications, McGraw-Hill Book 
Co., Ine., 1957. 

Conti, T. Metallic Rectifiers and Crystal Diodes, John F. Rider, Ine., 1958* 
Bunlap, W. C. Introduction to Semiconductors, John Wiley and Sons, Ine., 
1957. 

Evans, J. Fundamental Principles of Transistors, D. Van Nostrand Com¬ 
pany, Ine., 1958. 

Greiner, R. A. Semiconductor Devices and Applications, McGraw-Hill 
Book Co., Ine., 1961. 

Joyce, M. V. Transistor Circuit Analysis, Addison Wesley Co., Ine., 1961. 
Hunter, L. P. Handbook of Semiconductor Electronics, McGraw-Hill 
Book Co., Ine., 1958. 

Leahrman, H. Transistor Techniques, Gernsback Library, Ine., 1957. 
Linvill, J. G. Transistors and Active Circuits, McGraw-Hill, Ine., 196L 
Lo, A. W., et al. Transistor Electronics, Prentice-Hall, Ine., 1955. 

Lurch, J. Fundamentals of Electronics, John Wiley and Sons, Ine., 1960. 
Millman, J. Vacuum Tube and Semiconductor Electronics, McGraw-Hill 
Book Co., Ine., 1958. 

Mueller, H. Introduction to Electrical Engineering, McGraw-Hill Book 
Co., Ine., 1957. 

Pressman, A. I. Design of Transistorized Circuits for Digital Computerà, 
John F. Rider, Ine., 1959. 

Pullen, K. A. Handbook of Transistor Design, Prentice-Hall, Ine., 1961, 

Ryder, J. Electronic Fundamentals and Applications, Prentice-Hall, Ine., 

1959. 

Seely, J. Radio Electronics, McGraw-Hill Book Co., Ine., 1956. 

Shea, R. F. Transistor Circuit Engineering, John Wiley and Sons, Ine., 
1957. 

Shockley, W. Electrons and Holes in Semiconductors, D. Van Nostrand 
Co., 1950. 

Shure, A. Semiconductor s and Transistors, John F. Rider, Ine., 1961. 

Terman, F. E. Electronics and Radio Engineering , McGraw-Hill Book Co.» 
Ine., 1955. 

Turner, R. P. Transistor Circuits, Gernsback Library, Ine., 1957. 
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Planar Transistor ..... . 11 

P-N Junction .. 5 

P-N-P Structures . 7 

Point-Contact Transistors . 10 

Portatile Radio Receivers (Circuit) 344, 345 

Positive Feedback . 10 

Power Amplifier, Audio (Class A) .... 24 

Power Amplifier Circuit (70-Mc) .361 

Power Oscillator Circuits: 

100-Kc . 364 

70-Mc . 365 

Power Supply for Amateur Transmitter 

(Circuit) . 358 

Preamplifiers .... 24, 352 

P-Type Material . 5 

Pulse Time (t P ) . 45 

Punch-Through Voltage ............... 17 

Push-Pull Amplifiers . 28 

(Selectivity), Calculation of ... 31 

R adiation Considerations . 72 

Radio-Frequency Amplifiers . 30 

Radio Receiver, 3-Band (Circuit) ... 350 

Reach-Through Voltage . 17 

Rectifiers : 

Silicon . 49 

Tunnel . 72 

Regenerative Feedback . 25 

Region, Transition . 5 

Regulator Circuits: 

Series . 35 

Shunt . 35 

Resistance-Capacitance Coupling . 22 

Resistivity . 3 

Resonant Circuits . 30 

Reverse Bias . 6 

Ripple . 53 

Rise Time (tr) . . ..... 45 

Saturation Transconductance . 15 

Saturation Voltage . 17 

Second Breakdown . 16 

Selection Charts . 82 

Series Arrangement . 52, 62 

Series Regulator Circuits . 35 

Servo Amplifier Circuit . 364 

Shielding . 77 

Shunt Regulator Circuits .. 35 

Signal-to-Noise Ratio . 24 

Silicon Controlled Rectifiers . 59 

Characteristics . 60 

Construction . 59 

Current Ratios . 64 

Overload Protection . 62 

Power Control . 63 

Ratings. 61 

Series Arrangement . 62 

Triggering Characteristics . 61 

Silicon Rectifiers . 49 

Single-Phase Full-Wave Bridge Circuit 55 

Single-Phase Fùll-Wave Circuit . 54 

Six-Phase Star Circuit . 56 

Static Characteristics . 15 

Stereo Amplifier Circuits . 356, 357 

Storage Time (ts) . 45 

Stored Base Charge . 17 

Structures : 

N-P-N . 7 

P-N-P . 7 

Surge Current, Maximum . 50 


Sustaining Voltage .... 16 

Switching ... .... 44 

Switching Times . 44 

Symbols, Transistor .. ... 81 

Symmetry, Complementary . 30 

T echnical Data . 87 

Temperature Effects . 76 

Testing .. 3 

Thermal Considerations . 49 

Thermal Runaway . 49 

Thermistor Bias . 20 

Three-Phase (Double-Y) and Inter- 

phase Transformer Circuit . 55 

Three-Phase (Y) Half-Wave Circuit .. 55 

Thyristor . 59 

Tone Controls . 26 

Transconductance, Extrinsic . 15 

Transfer-Characteristic Curves . 14 

Transformer Coupling . 21 

Transistor: 

Applications . 18 

Characteristics . 14 

Design and Circuit Configurations . 10 

Common-Base . 11 

Common-Collector . 13 

Common-Emitter . 12 

Dissipation . 79 

Installation . 76 

Symbols . 81 

Types ; 

Alloy-Junction .. 10 

Drift-Field . 10 

Epitaxial Mesa . li 

Grown-Junction .. . 10 

Mesa .. 11 

Planar . H 

Point-Contact . 10 

Transition Region . 5 

Triggered Circuits . 45 

Tuned Amplifiers . 30 

Tunnel Diodes . 68 

Tunnel Rectifiers . 72 

Turn-On Time . 45 

Turn-Of£ Time . ...» - 45 

U nilateralized Amplifier .. 32 


\f aractor Diodes . 73 

Video Amplifier Circuit . 361 

Voltage: 

Avalanche. 50 

Breakdown .:. 16, 50 

Peak Reverse . 50 

Punch-through ... 17 

Reach-through . 17 

Saturation ... 17 

Sustaining .• * • 16 

Zener . 49 

Voltage-Referenee Diodes . 74 

Voltage Regulator, Shunt Type 
(Circuit) : 

Regulation = 0.5% . 367 

Regulation = 1.5% . 367 

Voltage Regulator, Series Type 
(Circuit) : 

Adjustable Regulation . 368 

Regulation = 2% . 367 

Volume Controls . 26 

Zener Voltage . 49 


KEY T0 TERMINAL DIAGRAMS 



A Anode F Mounting Flange 

B Base G Gate 

C Collector IC Internai Connection 

Di Diode Unit No. 1 IS Interlead Shield 

D 2 Diode Unit No. 2 K Cathode 

D 3 Diode Unit No. 3 L Lug 

E Emitter S Stud 


NOTES: 

Elongated case symbol denotes “in-line” arrangement of elec- 
trode terminals. 

Arrow on case of diodes or emitter lead of transistor diagrams 
indicates direction of “conventional current flow” ; electron cur¬ 
rent flows in a direction opposite to thè arrows. 
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